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ENZYME ACTIVATED SELF-IMMOLATIVE 
NITROGEN MUSTARD PRODRUGS 

TFOHN1CAL FIELD 

5 

This invention pertains generally to the field of chemotherapy, and more 
specifically to certain enzyme (CPG2) activated self-immolative nitrogen mustard 
prodrugs which are useful in enzyme prodrug therapy (EPT), such as ADEPT and 
GDEPT, for the treatment of proliferative conditions, such as cancer. The present 
1 0 invention also pertains to pharmaceutical compositions comprising such 

compounds; such compounds and compositions for use in methods of treatment 
of the human or animal body by therapy; the use of such compounds and 
compositions for the manufacture of medicaments for the treatment of proliferative 
conditions; and the like. 



15 



BACKGROUND 



Throughout this specification, including any claims which follow, unless the 
context requires otherwise, the word "comprise," and variations such as 
20 "comprises" and "comprising," will be understood to imply the inclusion of a stated 
integer or step or group of integers or steps, but not the exclusion of any other 
integer or step or group of integers or steps; 

It must be noted that, as used in the specification and any appended claims, the 
25 singular forms "a," "an," and "the" include plural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a pharmaceutical 
carrier" includes mixtures of two or more such carriers, and the like. 

Ranges are often expressed herein as from "about" one particular value, and/or to 
30 "about" another particular value. When such a range is expressed, another 

embodiment includes from the one particular value and/or to the other particular 
value. Similarly, when values are expressed as approximations, by the use of the 
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antecedent "about," it will be understood that the particular value forms another 
embodiment. 



10 



Chemotherapy 

In general, cancer treatment by chemotherapy is limited by the need to deliver a 
high concentration of the anti-cancer drug selectively to the malignant cells. As a 
consequence, many methods for the efficient and selective delivery of a drug to 
the targeted malignant cells have been developed. 

Many such methods employ prodrugs, which may be described, generally, as 
pharmacologically inactive (or relatively inactive) chemical derivatives of a drug 
molecule that require a transformation within the body in order to release the 
active drug. 



15 



In one approach, known as enzyme prodrug therapy (EPT), the transformation is 
effected by a particular enzyme, for example, carboxypeptidase G2 (CPG2) or 
nitroreductase (NR). Examples of such therapies include antibody directed 
enzyme prodrug therapy (ADEPT) and gene directed enzyme prodrug therapy 
20 (GDEPT), briefly described below. Other enzyme prodrug therapies include 

ligand directed enzyme prodrug therapy (LIDEPT) (see, e.g., Springer and Marais, 
1997) and bacteria directed enzyme prodrug therapy (BDEPT) (see, e.g.. Satchi 
and Duncan, 1998). See also, for example, Kirn, 2000. 



25 ADEPT 

The ADEPT approach separates the targeting from the cytotoxic functions in a 
two-step treatment. The selective component is an antibody (Ab) within an 
enzyme conjugate. The Ab binds antigen preferentially expressed on the surface 
30 of tumour cells. In the first step, the Ab-enzyme conjugate is administered and 
time is allowed for it to accumulate at the tumour and to clear from blood and 
normal tissues. In the second step, a non-toxic prodrug is administered that is 
converted specifically by the enzyme at the tumour into a low molecular weight 
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cytoioxiQca Th i S allows greater tumour access for the 

conjugates such as immunotoxms. Th.s allows g 

Springer and Niculescu-Duvaz, 1995; Springer et al. , 1995a, Hay 
1996; Melton and Sherwood, 1996. 



GDEPT 



20 



25 



Senetherapvtorca^rn^ 

gene therapy approaches include GDEPT and VD \ ^ 



vectors. 



30 



AnPPT rDEPTisa two-steptreatmentfortumours. Foreign enzymes are 

========== 
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exclusively, or with a relatively high ratio, in tumour cells compared with normal 
tissues and blood, and should achieve a sufficient concentration for clinical 
benefit. After gene delivery, prodrug administration must be delayed to permit 
protein expression in the targeted cells. The catalytic activity of the expressed 
protein should be sufficient for activation of the prodrug. Since expression of the 
foreign enzymes will not occur in all cells of a targeted tumour in vivo, a bystander 
cytotoxic effect is beneficial, whereby the prodrug is cleaved to an active drug that 
kills not only tumour cells but also neighbouring non-expressing tumour cells. 
This means that expression in less than 100% of tumour cells can still result in 
killing of all tumour cells. The foreign enzyme is usually expressed intracellularly, 
but by expressing the activating enzyme tethered to the outer cell surface of 
mammalian cells, potential advantages for GDEPT prodrug design are realized. 
The potential advantages of extracellular expression are twofold. Firstly, it should 
give an improved by-stander effect because the drug will be generated in the 
interstitial spaces within the tumour, rather than inside as with an intracellularly 
expressed activating enzyme. Secondly, the prodrug cannot enter cells to become 
activated and therefore non-cell-permeable prodrugs can be used. Thus, 
prodrugs which release drugs with intracellular targets may be rendered non-toxic 
by preventing their entry into cells. Upon activation, a potent and cell-permeable 
active moiety is released. This has already been demonstrated to be beneficial 
for prodrug-impermeable tumour cells (Marais et al., 1997). However, the 
potential for increased toxicity due to the diffusion of the active drug away from 
the tumour is a potential disadvantage, although this could also happen to active 
drugs from an intracellularly expressed enzyme. 



A number of recent reviews cover the GDEPT approach, including: Zhang et al., 
1995; Niculescu-Duvaz and Springer, 1997; Roth and Cristiano, 1997; Denny and 
Wilson, 1998; Encell and Loeb, 1998; Niculescu-Duvaz et al., 1998a, 1999; 
Springer and Niculescu-Duvaz, 1999a. Additional aspects are described in 
0 Springer and Marais, 1996a, 1996b. 
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Carboxvpeptidase G2 (CPG2) 



Peptidases are a class of enzymes (E) which act upon a substrate to cleave an 
amide linkage (-NH-C(=0)-) to give, usually, amino (-NH 2 ) and carboxylic acid 
(-C(=Q)OH) products. 



-NH 2 + S p- 
HO 



One peptidase of particular interest is carboxypeptidase G2 (referred to herein as 
"CPG2"). CPG2 is a bacterial enzyme isolated from Pseudomonas R16 

10 (Sherwood et al., 1985). It is a zinc-dependent metallo-proteinase which exists as 
a homodimer molecule (2 x 41,800 Da) containing two Zn 2+ ions in each 
monomeric unit (Minton et al., 1984). The enzyme belongs to the group of 
calcium-binding zinc-endopeptidases from bacteria which contain thermolysin and 
other neutral peptidases from Bacillus subtilis and Aeromonas proteolytica 

15 (Matthews, 1988; Roswell et al., 1997). 

CPG2 was first proposed by Bagshawe et al., 1988, and catalyses the scission of 
amidic (Springer et at., 1990a), urethanic or ureidic (Springer et al., 1995b; Doweli 
et al., 1996), bonds between a benzene nucleus and L-glutamic acid. 

A preferred substrate for CPG2 is an L-glutamic acid group, linked to an aromatic 
ring via an amidic, carbamic, or ureidic linkage. 



20 



O COOH 



Fk^OH HaN-^v^^COOl 

O COOH 

L-glutamic acid 



25 



However, glutamic acid analogs are also acceptable substrates. For example, 
L-glutamic acid modified at the y-carbon (e.g., with an amide, -CONH 2 , instead of 
an acid, -COOH) also serves as a suitable substrate for CPG2. 
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CPG2 is also tolerant as to whether the amide group is naked, or is part of a 
larger linkage, for example, a carbamate or a urea linkage. 



10 





.COOH 



COOH 

carbamate linkage urea linkage 



For these compounds, CPG2 yields C0 2 , L-glutamic acid, and R-ZH, wherein 
when Z is -O- (carbamates), R-ZH is a hydroxy! compound, R-OH, and when Z is - 
NH- (ureas), R-ZH is an amino compound, R-NH 2 , where R is preferably an 
aromatic group. 

CPG2 



+ H 2 Q 




+ R — ZH 



CPG2 Activated Self-lmm nlatlve Prodrugs 



A "self-immolative prodrug" can be defined as a compound which, following an 
activation process, generates an unstable intermediate that releases the active 
1 5 drug in a number of subsequent steps. 

Typically: (i) the activation process is of an enzymatic nature and is distinct from 
the extrusion step; (ii) the drug is generated by an extrusion process, following the 
fragmentation of the prodrug; (Hi) the site of activation will normally be separated 
20 from the site of extrusion. 

Potential advantages of self-immolative prodrugs include: the possibility of altering 
the lipophilics of the prodrugs with minimal effect on the activation kinetics; the 
improvement of unfavourable kinetics of activation due to unsuitable electronic or 
25 steric features; the range of drugs which can be converted to prodrugs is greatly 
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extended and is unrestricted by the structural substrate requirements for a g.ven 
enzyme. 

In one class of CPG2 activated self-immolative prodrugs, shown below, the 
5 L-giutamic acid and the active drug are separated by a 4-hydroxy (where Z is -O-) 
or 4-amino (where Z is -NH-) substituted benzylic spacer. 




10 



15 



The activation of these prodrugs involves two steps: 

(i) the cleavage of the oxycarbonyl- or carbamoyl-L-glutamyl linkage by 
CPG2, followed by the spontaneous decomposition of the carbonic or carbamic 
acid thus formed with loss of C0 2 ; 

(ii) the fragmentation of the self-immolative intermediate by a 

1 ,6-elimination mechanism (Wakselman, 1983), releasing a carbonic or carbamic 
acid which upon loss of C0 2 generates an active drug (HNR 2 ). 



prodrug 

/0^/NR 2 CPG2 





unstable intermediate 




In this way, the prodrug, upon self-immolation, releases an amine drug (and CO z ) 
20 from a carbamate linkage. Other classes includes compounds which, upon self- 
immolation, release an aryl alcohol from an aryl ether; an aryl carboxylic acid from 
an aryl ester, an aryl alcohol (and C0 2 ) from an aryl carbonate; and the like. 
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Similar self-immolative prodrugs are described, for example, in Springer et al, 
1995c, 1995d. 

Nitrog en Mustards 

5 Nitrogen mustards are related to sulfur mustard, (CICH 2 CH 2 ) 2 S, the "mustard gas- 
used during the First World War. Nitrogen mustards have the general formula 
(CICH 2 CH 2 ) 2 NR. In vivo, each 2-chloroethyl side-chain undergoes an 
intramolecular cyclisation with the release of a chloride ion. The resulting highly 

10 reactive ethylene immonium derivative can interact with DNA and other 

molecules, for example, as an alkylating and/or crosslinking agent. Nitrogen 
mustards are useful, for example, in the treatment of proliferative conditions, such 
as cancer. 

15 Nitrogen mustard analogues, in which the chloro group is replaced by other 

groups, such as other halogens (e.g., bromo, iodo) and other good leaving groups 
(e.g. f sulfonates, such as mesyloxy, -OS0 2 Me) are also known, and are included 
in the class denoted "nitrogen mustards." 

20 Nitrogen mustards may conveniently be grouped according to the group R. For 
example, two groups are phenolic nitrogen mustards and anilinic nitrogen 
mustards. 



N 



X 



Phenolic Anilinic 
Nitrogen Mustards Nitrogen Mustards 
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r P CT Activated jjitroqen Prodrugs 

The EPT approach has been applied to nitrogen mustard drugs. For example, in 
phenol (Z is -O-) or anilinio (Z is -NH-) nKrogen mustard compound. 

X CPG2 



10 





ZH 

Nitrogen Mustard 



Various nitrogen mustard prodrugs are described, forexampie, in Springer^, 
1991 , 1994, 2000, and 2002. 

CPG2^c«vatedJ»^ 

b een applied to nitrogen mustards, in one approac , the do* , NHR^ 
aniiinic nitrogen mustard compound. The prodrug . actuated by CP 
2 se,,,mmo.ation, and reieases the aniiinio nKrogen mustard. 
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1 



1,6-elim 
+ H 2 0 



H 2 N. 



" c ° 2 (aniimic nitrogen ^X 
mustard) 



, unstable X 

C-NH intermediate 



compounds of the following structure (see. for example, 
pages 22 and 23 and in Figure 3, therein). 



10 



15 




gnoupwhich -sbe^n the benzy. group of the «o^ 
U. group of the nitrogen mustard is 

gr0UP is -0-C(=0)-NH-. This nitrogen atom .dented as ^ 
I nitrogen atom of this carbamate group might be substrtuted. 
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The inventors have discovered that, surprising and unexpecte >y, -respon d n 
compounds, in which the nitrogen atom is substitued, for example, w* a , <*-W 
: ou P p o«er one or more pharmacologic* advantages, ^ 
(a) improved activity; (b) improved seiectivity (e.g., agansttumou r «*«™ 
Ina, celis); (c, reduction in required dosage amounts; <J£££^ 
frequency of administration; (e) reduced intensity of undes,red s,de-effects, (f, 
fewer undesired side-effects. 

SUMMARV^ETHE INVENTION 

One aspect of the invention pertains to compounds (prodrugs), as described 
herein. 

mother aspect of the present invention pertains to compounds (prodrugs) which 
S reguiate (e.g., inhibit) cei, p— n; (b) inhibH ce.i cyc.eprogress.on. 
(c) promote apoptosis; or (d) a combination of one or more of these. 
Another aspect of the invention pertains to compounds (prodrugs), as described 
herein, which are anticancer agents. 

Another aspect of the invention pertains to compounds (prodrugs), as described 
herein, which are antiproliferative agents. 
Another aspect of the present invention pertains to a composition comprising a 
25 compound, as described herein, and a carrier. 

Another aspect of the present invention pertains to a composition comprising a 
impound - described herein, and a pharmaceutical* acceptabie earner. 



20 



30 



Another aspect of the present invention pertains toamethod of (a) reguiatng 
CinhibLtfpmliferationo^^^ 
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vitro or in vivo, comprising contacting the cell with an effective amount of a 
compound (prodrug), as described herein. 

Another aspect of the present invention pertains to a method of regulating 
5 (e g inhibiting) proliferation of a cell, in vitro or in vivo, comprising contacting the 
cell with an effective amount of a compound (prodrug), as described herein. 

Another aspect of the present invention pertains to a method of treatment, for 
example, of cancer, a proliferative condition, or other condition as described 
10 herein, comprising administering to a subject in need of treatment a 

therapeutically-effective amount of a compound (prodrug), as described here.n, 
preferably in the form of a pharmaceutical composition. 

Another aspect of the present invention pertains to a compound (prodrug) for use 
15 in a method of treatment of the human or animal body by therapy, for example, m 
the treatment of cancer, a proliferative condition, or other condition as described 
herein. 

Another aspect of the present invention pertains to the use of a compound 
20 (prodrug) for the manufacture of a medicament, for example, for the treatment of 
cancer, a proliferative condition, or other condition as described herein. 

Another aspect of the present invention pertains to a method for manufacturing a 
medicament intended for therapeutic application, for example, for the treatment of 
25 cancer, a proliferative condition, or other condition as described herein, 
characterised in that a compound (prodrug), as described herein, is used. 

Another aspect of the invention pertains to a kit comprising (a) the compound 
(prodrug), preferably provided in a suitable container and/or with suitable 
30 packaging; and (b) instructions for use, for example, written instructions on how to 
administer the compound (prodrug), etc. 
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therapy (EPT) which employs a compound (prodrug), as 
carboxypeptidase enzyme, as described here,n. 

(comprising two components for use ,n as ^ 



herein. 



25 



30 



— s=sn=r-: nit- - 
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compounds 20, 21, 22, and 23 in Scheme 11), which are suitable for use in the 
methods of synthesis described herein. 

Another aspect of the present invention pertains to the use of such novel 
intermediates, as described herein, in the methods of synthesis described heron. 

As will be appreciated by one of skill in the art, features and preferred 
embodiments of one aspect of the invention will also pertain to other aspects of 
the invention. 

nFTAll FO DESC-R'PTION OF THF INVENTION 



Com pounds 

15 One aspect of the present invention pertains to compounds of the formula: 




(D 



° O^OR G • 

wherein: 

R N is independently Ci. 7 alkyl; 

X 1 is independently -I, -Br, or -CI; 

X 2 is independently -I, -Br, or -CI; 

the group -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ) is independently attached at the 
2-position or at the 4-position; ^ 
each R G is independently -H or an ester substituent (R ); 
n is independently an integer from 0 to 4; 
each R p , if present, is independently a phenyl substituent; 
25 m is independently an integer from 0 to 4; 

each R M , if present, is independently a mustard substituent; 



20 
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and pharmaceutical* acceptable safe, solvates, amides, and esters 
thereof. 

Nitrnnm Substituent, R N 
5 The ntoogen substituent, R N , is independently C, 7 a.kyl. 

ln one embodiment, R«, is independently aiiphatio C,. 7 alkyl. 
10 in one embodiment, F* is independently unsubstituted C, 7 allcyl. 

ln one embodiment, R». is independently unsubstituted aiiphatio C, 7 a,Kyl. 
,n one embodiment, R N is independently C M alkyl. 
15 ,n one embodiment, R N is independently aiiphatio C M alkyl. 

ln one embodiment, R» is independently unsubstituted C„alkyl. 
20 ,n one embodiment, is independency unsubstituted aiiphatio ft*** 

ln one embodiment, * is independently -Me, -B, -nPr, -IP, -ally, -nBu, -sBu, 
-iBu, or-tBu. 

25 ,n one embodiment, R N is independently -Me or -Et. 

,n one embodiment, R N is independently -Me. 

|. flir .orri Riihstituents, X 1 and Xj 
30 E aohofthemu S tardsubst,tuents.^andXMsindependently-l.-Br,or-C. 

ln one embodiment, each of xW is independently-., -Br, or -C* 
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and both of X 1 and X 2 , are the same. 

In one embodiment, each of X 1 and X 2 is independently -I or -Br. 

5 In one embodiment, each of X 1 and X 2 is independently -I or -Br; 
and both of X 1 and X 2 are the same. 

In one embodiment, each of X 1 and X 2 is independently -I. 

10 In one embodiment, each of X 1 and X 2 is independently -Br. 

In one embodiment, each of X 1 and X 2 is independently -CI. 

Position of th* Nitrogen Mustard Group 



15 



The nitrogen mustard group, -N(CH 2 CH 2 X) 2 , is independently attached at the 
2-position ("ortho") or at the 4-position ("para"). 

In one embodiment, the nitrogen mustard group, -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ), is 
20 independently attached at the 2-position ("ortho"). 




(2) 



Y ^OR u 
0 cAoR G 

In one embodiment, the nitrogen mustard group, -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ), is 
independently attached at the 4-position ("para"). 




(3) 



PhP.n yl Substituents. R p 

The phenylene group of the self-immolative core optionally bears phenyl 
5 substituents, R p : 




In one embodiment, n is 0, 1, 2, 3, or 4. 
In one embodiment, n is 0, 1, 2, or 3. 
10 In one embodiment, n is 0, 1 , or 2. 
In one embodiment, n is 0 or 1. 
In one embodiment, n is 1 , 2, 3, or 4. 
In one embodiment, n is 1, 2, or 3. 
In one embodiment, n is 1, or 2. 
1 5 In one embodiment, n is 4. 
In one embodiment, n is 3. 
In one embodiment, n is 2. 
In one embodiment, n is 1. 
In one embodiment, n is 0. 



20 
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in one embodiment, each R p , if present, is independently halo, C^alkyl. nitro, or 
cyano. 

In one embodiment, each R p , if present, is independently -F, -CI, -Br, -I, -Me, -Et, 
5 -nPr, -iPr, -nBu, -sBu, -iBu, -tBu, -N0 2 , or -CN. 

In one embodiment, each R p , if present, is independently -F, -CI, -Br, or -I. 

In one embodiment, each R p , if present, is independently -F, -CI or -Br. 

10 

In one embodiment, each R p , if present, is independently -F or -CI. 
In one embodiment, each R p , if present, is independently -F or -Br. 
1 5 In one embodiment, each R p , if present, is independently -F. 

In one embodiment, the phenylene group has the following formula: 




-/ 

wherein each of R P2 , R P3 , R P5 . and R p6 is independently -H or an phenyl 
20 substituent. 

In one embodiment, each of R p2 , R P3 , R P5 . and R P6 is independently -H or a 
phenyl substituent, as described above for R p . 



-19- 

ln one embodiment, each of R p2 and R P6 is -H (and 
than -H, for example, as described above for R p ) 



each of R P3 and R p5 is other 




N 5 ^ 
HN. 



example, as described above for R p ): 



In one 



y 

embodiment, each of R p2 , R P3 , R P5 . and R p6 is -H. 



y 



10 
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Mnstatri Sub gti *" ents - rM 
also bears mustard substituents, R M : 



^x 1 
-x 2 



In one embodiment, m is 0, 1 , 2, 3, or 4. 
In one embodiment, m is 0, 1 , 2, or 3. 
In one embodiment, m is 0, 1 , or 2. 
10 in one embodiment, m is 0 or 1. 

In one embodiment, m is 1 , 2, 3, or 4. 
In one embodiment, m is 1 , 2, or 3. 
In one embodiment, m is 1 , or 2. 
In one embodiment, m is 4. 
15 In one embodiment, m is 3. 
In one embodiment, m is 2. 
In one embodiment, m is 1 . 



In 



one embodiment, m is 0: 



x 1 



20 



in one embodiment, each R- if present, is independent* seieoted from: 
Chalky! (including, e.g., C^haloalkyl); 
C^alkoxy (including, e.g., C^haloalkoxy); 
25 amino (including, e.g., di-C^alkyl amino); 

halo; 

Ci^alkylthio; 

acyl (e.g., d.yalkyl-acyloxy, C^aryl-acyloxy); 
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ester; 
amido; 
cyano; 
nitro; and, 
5 C 5 . 6 aryl. 

I„ one embodiment, each if present, is independently selected from: 
-Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; 
-CF3 -CH 2 F, -CH2CF3. -CH 2 CH 2 F; -CF 2 CF 3 ; 
10 -OMe, -OB, -O-nPr, -O-iPr, -O-nBu, -O-sBu, -O-iBu, -O-tBu; 

-OCF 3 , -OCH 2 F, -OCH 2 CF 3 , -OCH 2 CH 2 F; -OCF 2 CF 3 ; 
-NH 2 , -NMe 2l -NEt 2 , -N(nPr) 2 , -N(iPr) 2 , 
-F, -CI, -Br, -I; 
-SMe, -SEt; 
15 -C(=0)Me; 

-C(=0)OMe, -C(=0)OEt; 
-CONH 2 , -CONHMe; 
-CN; 

-N0 2 ; and, 
20 - ph - 

,n one embodiment, eaoh B» if present, is independently seieoted from: 
Ci^alkyl (including, e.g., Ci-4haloalkyl); 
C^alkoxy (including, e.g., C^haioalkoxy); and, 
25 amino (including, e.g., di-C^alkyl amino). 

.„ one embodiment, each R M , * present, is independently selected from: 
-Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; 
-CF 3 -CH 2 F, -CH 2 CF 3 , -CH 2 CH 2 F; -CF 2 CF 3 ; 
• 30 -OMe, -OB, -O-nPr, -O-iPr, -O-nBu, -O-sBu, -O-iBu, -O-tBu; 

-OCF 3 , -OCH 2 F, -OCH 2 CF 3 , -OCH 2 CH 2 F; -OCF 2 CF 3 ; 
-NH 2 , -NMe 2 , -NEt 2 , -N(nPr) 2 , and -N(iPr) 2 , 



WJW/BP6070429 



-22- 



ln one embodiment, each R M , if present, is independently selected from: 
-Me, -Et, -CF 3 , -OMe, -OEt, -NH 2 , and -NMe 2 . 

in general, mustard substituents, R M , which are electron-withdrawing and which 
5 decrease the chemical reactivity of the resulting nitrogen mustard are generally 
less preferred. 

Glutamic Acid Fster Subs tituents. R G 

1 0 Each of the glutamic acid groups, R G , is independently -H or an ester 
substiuent (R E ). 

In one embodiment, each of the glutamic acid groups, R G , is independently -H. 

15 In one embodiment, each of the glutamic acid groups, R G , is independently an 
ester substituent (R E ). 

In one embodiment, each of the glutamic acid groups, R G , is independently 
-H, unsubstituted d- 7 alkyt, substituted C^alkyl, or silyl. 

20 

In one embodiment, each of the glutamic acid groups, R , is independently 
-H, unsubstituted Ci.yalkyl, or substituted Ci. 7 alkyl. 

In one embodiment, each of the glutamic acid.groups, R G , is independently -H or 
25 unsubstituted Ci. 7 alkyl. 

In one embodiment, the unsubstituted Chalky! group is independently 
unsubstituted C^alkyl. 

30 In one embodiment, the unsubstituted C^alkyl group is independently: -Me, -Et, 
-nPr, -iPr, -allyl, -nBu, -sBu, -iBu, or-tBu. 
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10 



15 



substituted with one or more groups selectea 
Ci 7 alkoxy, Ci- 7 alkylthio, and acyloxy. 

C1 7 alkoxy, Ci. 7 alkylthio, and acyloxy. 

C^alkoxy, Ci- 7 alkytthio, and acyloxy. 

substituted with one or more groups selectea iro 
C^lkoxy, C M a«cy.thio, C„alkyi-acy.oxy. C^aryi-acyioxy. 

C M aikoxy, C M a.kyWo. CaW-aoyloxy, C^aryl-aoyloxy. 



20 



25 
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ln one embodiment, the substituted Ci. 7 alkyl group is independently dalkyl 
substituted with one or more groups selected from optionally substituted phenyl 
(e.g., methoxyphenyl, nitrophenyl), methoxy, methylthio, acetoxy, and benzoyloxy. 

5 In one embodiment, the silyl group is independently -SiR s 3 , wherein each R s is 
independently -H or Ci^alkyl. 

, In one embodiment, the silyl group is independently -Si(Me) 3 , -Si(Et) 3 , -Si(iPr) 3 , 
-Si(tBu)(CH 3 ) 2 ,or-Si(tBu) 3 . 

10 

In one embodiment, the silyl group is independently -Si(iPr) 3 . 

In one embodiment, each of the glutamic acid groups, R G , is independently 
(1) t-butyl, (2) allyl, (3) tri-isopropylsilyl, (4) acetoxymethyl, (5) methoxymethyl, 
.15 (6) methylthiomethyl, (7) p-methoxyphenylmethyl, (8) bis(o-nitrophenyl)methyl, 
(9) benzyl, or (1 0) diphenylmethyl. 

In one embodiment, each of the glutamic acid groups, R G , is independently 

(1) t-butyl, (2) allyl, (3) tri-isopropylsilyl, (4) acetoxymethyl, or (5) methoxymethyl. 

20 

In one embodiment, each of the glutamic acid groups, R , is independently 
(1) t-butyl, (2) allyl, or (3) tri-isopropytsilyl. 

In one embodiment, each of the glutamic acid groups, R G , is independently 
.25 (1) t-butyl or (2) allyl. 

In one embodiment, each of the glutamic acid groups, R 6 , is independently (1) 
allyl. 

30 Glutamic Acid Group Co nfiguration 



That part of the compound having the following formula is referred to 
"the glutamic acid group": 
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The carbon atom marked with an asterisk (*) is a chiral centre, and may be in an 
R or an S configuration. 

In one embodiment, the carbon atom marked with an asterisk (*) is independently 
in an S configuration, and the glutamic acid group is an L-glutamic acid group, of 



the following formula: 




Hprtain Preferred E mbodiments 

(1) In one embodiment: 

(A1) R N is independently Ci^alkyl; and, 
15 (B1) each X is independently -CI, -Br or -I. 

(2) In one embodiment: 

(A2) R N is independently -Et or -Me; and, 
(B1) each X is independently -CI, -Br or -I. 

20 

(3) In one embodiment: 

(A3) R N is independently -Me; and, 

(B1) each X is independently -CI, -Br or -I. 

25 (4) In one embodiment: 

(A1) R N is independently d^alkyl; and, 
(B2) each X is independently -Br or -I. 




(5) In one embodiment: 

(A2) R N is independently -Et or -Me; and, 

(B2) each X is independently -Br or -I. 

5 (6) In one embodiment: 

(A3) R N is independently -Me; and, 
(B2) each X is independently -Br or -I. 

(7) In one embodiment: 

10 (A1) R N is independently Chalky!; and, 
(B3) each X is independently -I. 

(8) In one embodiment: 

(A2) R N is independently -Et or -Me; and, 
1 5 (B3) each X is independently -i. 

(9) In one embodiment: 

(A3) R N is independently -Me; and, 
(B3) each X is independently -I. 

20 

(10) to (18): Each of the above embodiments (1) to (9), wherein furthermore: 
(C1) the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position ("para"). 

(19) to (27): Each ofthe above embodiments (10) to (18), wherein furthermore: 
25 (P1) n is independently 0. 

(28) to (36): Each of the above embodiments (19) to (27), wherein furthermore: 
(E1) m is independently 0. 



30 



(37) to (45): Each of the above embodiments (28) to (36), wherein furthermore: 
(F1) R G is independently -H. 
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««,woH-.mpnts (28) to (36), wherein furthermore: 
(46) to (54): Each of the above embodiments ^o; to s? h 

(F2) R G is independently Ci-ealkyl. 



g pgrific Em bodiments 

pharrnaceuticaHy acceptab,e saKs, so,vates, amides, and esters there* 

Me 



HN. 



° O^OH 
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P-5 




~ y ^Cl 

Me N 



P-6 



In one embodiment, the compound is selected from P-1, P-2, and P-3, and 
pharmaceutically acceptable salts, solvates, amides, and esters thereof. 

5 In one embodiment, the compound is selected from P-1 and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof. 

in one embodiment, the compound is selected from P-2 and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof. 

10 

In one embodiment, the compound is selected from P-3 and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof. 

Chemical Terms 

15 

The term "carbo," "carbyl," "hydrocarbo," and "hydrocarbyl," as used herein, 
pertain to compounds and/or groups which have only carbon and hydrogen a1 
(but see "carbocyclic" below). 
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10 



The term "hetero." as used herein, pertains to compounds and/or groups wh,ch 
n^aHe! one neteroatom. for exampte, mu^ent heteroatoms (wh.ch are 
I stle as dng heteroatoms) such as boron, silicon, 
oxygen, sulfur, and selenium (more commonly nUrogen. oxygen, and suKur) and 
monovalent heteroatoms, such as fluorine, oh.orine. bromine, and ,od,ne. 

The term "saturated; as used therein, pertains to 

d0 no. have any oarbon-carbon double bonds or carbon-carbon tnple bonds. 

The term "unsaturated," as used herein, pertains to compounds and/or groups 
™aJ ; a t least one carbon-carbon double bond or carbon-carbon tnple bond. 

The term "aliphatic," as used herein, pertains to compounds and/or groups which 
15 groups). 

The term "ring,"as used herein, pertains to a closed ring of from 3 to 10 covalenfly 
IlZms mora preferably 3 to 8 covalently linked atoms, yet more preferably 

aromatic ring. 

The tern, "carbocyolic ring," as used herein, pertains to a ring wherein al, of the 
ring atoms are carbon atoms. 

The term "carboaromatic ring," as used herein, pertains to an aromatic ring 
wherein all of the ring atoms are carbon atoms. 

The term "heterocyclic ring," as used herein, pertains to a ring wherein at least 
one of the ring atoms is a multivalent ring heteroatom, for example, nrtrogen. 
phos horus, Leon, oxygen, or sulfur, though more commonly nitrogen, oxygen, 
or sulfur. Preferably, the heterocyclic ring has from 1 to 4 heteroatoms. 



25 



30 
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10 



«. .nri « as used herein, pertains to a compound which has at 

Whereacyclic compound has two or more rings, they may be fused (e.g., as in 

SS^. 1 ^^^^--* d 
^rZ^ 

I two or more rings may be referred to as "poiycyciio" or "potynuctear. 

The term "carbocyclic compound." as used herein, pertains to a oyoiio compound 
which has only carbocyclic ring(s). 

The term "heterocyclic compound," as used herein, pertains to a cyciic compound 
15 which has at least one heterocyclic ring. 

The term"aromaticcompound,»asusedherein,pertainstoacyciiccompoun d 
which has at least one aromatic ring. 

The term "carboaromatic compound," as used herein, pertains toacyclic 
compound which has only carboaromatic ring(s). 

Theterm-heteroaromatiooompound.-asusedherein.pertainstoaoyciio 
compound which has at least one heteroaromatic nng. 

The term "monodentate substituents." as used herein, pertains to substHuents 
which have one point of oovalent attachment. 

The term "monovalent monodentate substituents." as used herein ; ,per*s to 
Examples of such substituents include halo, hydroxy, and alkyl. 



20 



25 
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The term "multivalent monodentate substituents." as used herein, partem* to 
and alklidyne. 



10 Substituepte 

Tnophrase-cptionailysubstituted.-as used herein, pertains toaparent group 
which may be unsubstituted or which may be substrtuted. 

Z Z* of substituents are we,, Know, and methods for the,r —on and 
introduction into a variety of parent groups are also wall known. 

The substituents are described in more detail below. 

« The term "alky,." as used herein, pertains to a monovalent moiety obtained 
rioZThydmgen atom from a carbon atom of a hydrocarbon compound 
by removmg y 9 wh , ch may be 

cycloalkyl, etc., discussed below. 

,n this context, the prefixes (e.g., Cm, C* Cao, C, 7 , C, 7 , etc.) denote the 
term "Caikyi," as used herein, pertains to an alKyi group hav,ng from 1 to 4 



20 



25 
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carbon atoms. Examples of groups of alkyl groups include C^alkyl ("lower 
alkyl"), Ci. 7 alkyl, and d-aoaltyl. 

Examples of (unsubstituted) saturated alkyl groups include, but are not limited to, 
5 methyl (d), ethyl (C 2 ), propyl (C 3 ), butyl (C 4 ), pentyl (C 5 ), hexyl (C 6 ), heptyl (C 7 ), 
octyl (C e ), nonyl (C g ), decyl (C 10 ), undecyl (C,,), dodecyl (C 12 ), tridecyl (da), 
tetradecyl (Cm), pentadecyl (C15), and eicodecyl (C 20 ). 

Examples of (unsubstituted) saturated linear alkyl groups include, but are not 
10 limited to, methyl (d). ethyl (C 2 ). n-propyl (C 3 ), n-butyl (C 4 ), n-pentyl (amyl) (C 5 ), 
n-hexyl (C 6 ), and n-heptyl (C 7 ). 

Examples of (unsubstituted) saturated branched alkyl groups include iso-propyl 
(C 3 ), iso-butyl (C 4 ), sec-butyl (00. tort-butyl (C 4 ), iso-pentyl (C 5 ), and neo-pentyl 
15 (C 5 ). 

Cycloalkyl: The term "cycloalkyl," as used herein, pertains to an alkyl group which 
is also a cyclyl group; that is, a monovalent moiety obtained by removing a 
hydrogen atom from an alicyclic ring atom of a cyclic hydrocarbon (carbocyclic) 
20 compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified). 
Preferably, each ring has from 3 to 7 ring atoms. 

Examples of (unsubstituted) saturated cylcoalkyl groups include, but are not 
limited to, those derived from: cyclopropane (C 3 ), cyclobutane (C 4 ), cyclopentane 
25 (C 5 ), cyclohexane (Ce), cycloheptane (C 7 ), norbornane (C 7 ), norpinane (C 7 ), 
• norcarane (Or), adamantane (do), and decalin (decahydronaphthalene) (do). 

Examples of (substituted) saturated cycloalkyl groups, which are also referred to 
herein as "alkyl-cycloalkyl" groups, include, but are not limited to, 
30 methylcyclopropyl, dimethylcyclopropyl, methylcyclobutyl, dimethylcyclobutyl, 

methylcyclopentyl, dimethylcyclopentyl, methylcyclohexyl, and dimethylcyclohexyl, 
menthane, thujane, carane, pinane, bornane, norcarane, and camphene. 
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5 



10 



15 



20 



Examples of (substituted) unsaturated cyclic alkeny. groups, wh,ch are a so 
methylcydopropenyl. dimethylcyclopropenyl, methytoyolobutenyL 
methyloyolohexenyl, and dimethyloyclohexenyl. 

Examp.es o, (substituted) cyc,oa lk y. groups, with one or more other rings fused to 

^^^^ 

acephenanthrene(C, 5 ),aceanthrene(C, 6 ). Forexamp. 
Ccycloalkyl group with a substituent (pheny.) fused thereto. 

, The term "alkeny! " as used herein, pertains to an alkyl group having one 
include C 2 ^alkenyt, C 2 . 7 alkenyl, C 2 - 2 oalkenyl. 

hexenyHCe)- 

Exampies of (unsubstituted) unsaturated cyoiio alkeny! groups which are aiso 
include C M alkynyl, C 2 . 7 alkynyl, C^lkynyl. 

Exampies of (unsubstituted) unsaturated alkyny. groups '"^bu, are not 
'mited to, ethyny. (ethinyl, -C^CH) and 2- P ropynyi (propargyi, -CH 2 -C-CH). 



25 



30 



WJW/BP6070429 



-34- 



Alkylidene: The term "alkylidene," as used herein, pertains to a divalent 
monodentate moiety obtained by removing two hydrogen atoms from a carbon 
atom of a hydrocarbon compound having from 1 to 20 carbon atoms (unless 
otherwise specified), which may be aliphatic or alicyclic, or a combination thereof, 
5 and which may be saturated, partially unsaturated, or fully unsaturated. Examples 
of groups of alkylidene groups include C^alkylidene, d-ralkylidene, 
Ci-2oalkylidene. 

Examples of alkylidene groups include, but are not limited to, methylene (=CH 2 ), 
10 ethylene (=CH-CH 3 ), vinylidene (=C=CH 2 ), and isopropyiidene (=C(CH 3 ) 2 ). An 
example of a substituted alkylidene is benzylidene (=CH-Ph). 

Alkylidyne: The term "alkylidyne," as used herein, pertains to a trivalent 
monodentate moiety obtained by removing three hydrogen atoms from a carbon 
15 atom of a hydrocarbon compound having from 1 to 20 carbon atoms (unless 

otherwise specified), which may be aliphatic or alicyclic, or a combination thereof, 
and which may be saturated, partially unsaturated, or fully unsaturated. Examples 
of groups of alkylidyne groups include C^alkylidyne, Ci. 7 alkylidyne, 
Ci-2oalkylidyne. 

20 

Examples of alkylidyne groups include, but are not limited to, methylidyne (sCH) 
and ethylidyne (sC-CH 3 ). 

Carbocyclyl: The term "carbocyclyl," as used herein, pertains to a monovalent 
25 moiety obtained by removing a hydrogen atom from a ring atom of a carbocyclic 
compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified). 
Preferably, each ring has from 3 to 7 ring atoms. 

In this context, the prefixes (e.g.. C3-20, C3.7. C^, etc.) denote the number of ring ^ 
30 atoms, or range of number of ring atoms. For example, the term "C^carbocyclyl," 
as used herein, pertains to a carbocyclyl group having 5 or 6 ring atoms. 
Examples of groups of carbocyclyl groups include Ca-zocarbocyclyl, 
Ca-iocarbocyclyl, Cs-iocarbocyclyl, Ca-rcarbocyclyl, and C 5 - 7 carbocyclyl. 
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Examples of carbocyclic groups include, but are not limited to, those described 
above as cycloalkyi groups; and those described below as carboaryl groups. 

5 Heterocyclyl: The term "heterocyclyl," as used herein, pertains to a monovalent 
moiety obtained by removing a hydrogen atom from a ring atom of a heterocyclic 
compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified), 
of which from 1 to 1 0 are ring heteroatoms. Preferably, each ring has from 3 to 7 
ring atoms, of which from 1 to 4 are ring heteroatoms. 

10 

In this context, the prefixes (e.g., C3-20, C3-7, Cm. etc.) denote the number of ring 
atoms, or range of number of ring atoms, whether carbon atoms or heteroatoms. 
For example, the term "Cs-eheterocyclyl," as used herein, pertains to a 
heterocyclyl group having 5 or 6 ring atoms. Examples of groups of heterocyclyl 
15 groups include Cwoheterocyclyl, C^heterocyclyl, C 5 . 7 heterocyclyl, and 
Cs-eheterocyclyl. 

Examples of (non-aromatic) monocyclic heterocyclyl groups include, but are not 
limited to, those derived from: 

20 

N1: aziridine (C 3 ), azetidine (C 4 ), pyrrolidine (tetrahydropyrrole) (C 5 ), pyrroline 
(e.g. t 3-pyrroline, 2,5-dihydropyrrole) (C 5 ), 2H-pyrrole or 3H-pyrrole (isopyrrole, 
isoazole) <C 5 ), piperidine (C 6 ), dihydropyridine (C 6 ), tetrahydropyridine (C 6 ), 
azepine (C 7 ); 

25 

On oxirane (C 3 ), oxetane (C 4 ). oxolane (tetrahydrofuran) <C 5 ), oxole 
(dihydrofuran) (C 5 ), oxane (tetrahydropyran) (C 6 ), dihydropyran (C 6 ), pyran (C 6 ), 
oxepin (C7); 

30 Si: thiirane (C 3 ), thietane (C 4 ), thiolane (tetrahydrothiophene) (C 5 ), thiane 
(tetrahydrothiopyran) (C 6 ), thiepane (C 7 ); 



Q 2 : dioxolane (C 5 ), dioxane (C 6 ), and dioxepane (C 7 ); 
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0 3 : trioxane (C 6 ); 

N 2 : imidazolidine (C 5 ), pyrazolidine (diazolidine) (C 5 ), imidazoline (C 5 ), pyrazoline 
5 (dihydropyrazole) (C 5 ), piperazine (C 6 ); 

N1O1: tetrahydrooxazole (C 5 ), dihydrooxazole (C 5 ), tetrahydroisoxazole (C 5 ), 
dihydroisoxazole (C 5 ), morpholine (C 6 ), tetrahydrooxazine (C 6 ), dihydrooxazine 
(C 6 ), oxazine (C 6 ); 

10 

N1S1: thiazoline (C 5 ), thiazoiidine (C 5 ), thiomorpholine (C 6 ); 
N2O1: oxadiazine (C6>; 
15 O1 Si : oxathiole (C 5 ) and oxathiane (thioxane) (C 6 ); and , 
N1O1S1: oxathiazine (C 6 ). 

Examples of substituted (non-aromatic) monocyclic heterocyclyl groups include 
20 saccharides, in cyclic form, for example, furanoses (C 5 ), such as arabinofuranose, 
lyxofuranbse, ribofuranose, and xylofuranse, and pyranoses (C 6 ), such as 
allopyranose, altropyranose, glucopyranose, mannopyranose, gulopyranose, 
idopyranose, galactopyranose, and talopyranose. 

25 Examples of heterocyclyl groups which are also heteroaryl groups are described 
below with aryl groups. 

Aryl: The term "aryl," as used herein, pertains to a monovalent moiety obtained 
by removing a hydrogen atom from an aromatic ring atom of an aromatic 
30 compound, which moiety has from 3 to 20 ring atoms (unless otherwise specified). 
Preferably, each ring has from 5 to 7 ring atoms. 



WJW/BP6070429 

-37- 



10 



15 



,n this context, the prefixes (e.g., C, 20 , C,. ft* etc.) denote the 
atoms or range of number of ring atoms, whether carbon atoms or heteroatoms. 
" exampie the term "C-eary.." as usee herein, pertains to an an,, group havmg 
Sorenni .atoms. Examp.es of groups of a* groups inciude C^aryi, C,«aryi, 
Cs-iaaryl, C^ary!, and C^aryl. 

The ring atoms may be ail carbon atoms, as in "carboaryl groups" 
(e.g., C 5 -2ocarboaryl). 

Examp.es of carboary. groups inciude, but are not iimKed to, those derived from 
Snzene (i.e., phenyO (C). naphthaiene (Co), azu.ene (Co), anthracene (C 4 ), 
phenanthrene (C 14 >, naphthacene (Ca), and pyrene (Co). 

aromatic ring, inciude, but are not iimited to, groups denved from rndene (C), 
isoindene (Co), and fluorene (C 13 ). 

Aiternative.y, the ring atoms may inciude one or more heteroatoms, as in 
"heteroaryl groups" (e.g., Cwoheteroaryl). 



20 



Examp.es of monocyciio heteroary, groups indude, but are not iimited to, those 
derived from: 

Ni: pyrrole (azole) (C 5 ), pyridine (azine) (C 6 ); 
d: furan (oxole) (C 5 ); 
25 S,: thiophene (thiole) (C 5 ), 

Nid: oxazole (C 5 ), isoxazole (C 5 ), isoxazine (C 6 ); 

N2O1: oxadiazole (furazan) (C 5 ); 

N3O1: oxatriazole (C 5 ); 

NiSv. thiazole (C 5 ), isothiazole (C 5 ); 

M, imidazole (1 ,3-diazole) (C 5 ), pyrazole (1 ,2-diazo.e) (CO. pyndazme 
(1,2-diazine) (C 6 ). pyrimidine (1,3-diazine) (Ce) (e.g., cytosine, thymme, uracl), 
pyrazine (1 ,4-diazine) (C 6 ); 
N 3 : triazoie (C 5 ), triazine (C 6 ); and, 



30 
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N 4 : tetrazole (C 5 ). 

Examples of heterocyclic groups (some of which are also heteroaryl groups) 
which comprise fused rings, include, but are not limited to: 
5 Cgheterocyclic groups (with 2 fused rings) derived from benzofuran (d), 

isobenzofuran (OO, indole (NO, isoindole (Ni), indolizine (NO, indoline (NO, 
isoindoline (Ni), purine (N 4 ) (e.g., adenine, guanine), benzimidazole (N 2 ), indazole 
(N 2 ), benzoxazole (NiOO, benzisoxazole (Nid), benzodioxole (0 2 ), benzofurazan 
(N2OO, benzotriazole (N 3 ), benzothiofuran (Si), benzothiazole (N1SO, 
10 benzothiadiazole (N 2 S); 

Cioheterocyclic groups (with 2 fused rings) derived from chromene (d), 
isochromene (Oi), chroman (OO, isochroman (O1), benzodioxan (0 2 ), quinoline 
(Ni), isoquinoline (NO, quinolizine (NO, benzoxazine (N^O, benzodiazine (N 2 ), 
pyridopyridine (N 2 ), quinoxaline (N 2 ), quinazoline (N 2 ), cinnoline (N 2 ), phthalazine 
15 (N 2 ), naphthyridine (N 2 ), pteridine (N 4 ); 

C 13 heterocyclic groups (with 3 fused rings) derived from carbazole (NO, 
dibenzofuran (OO, dibenzothiophene (SO, carboline (N 2 ), perimidine (N 2 ), 
pyridoindole (N 2 ); and, 

C 14 heterocyclic groups (with 3 fused rings) derived from acridine (NO, 
20 xanthene (OO, thioxanthene (SO, oxanthrene (O z ), phenoxathjin (O1SO, 

phenazine (N 2 ), phenoxazine (N^O, phenothiazine (N^O, thianthrene (S 2 ). 
phenanthridine (NO, phenanthroline (N 2 ), phenazine (N 2 ). 

Heterocyclic groups (including heteroaryl groups) which have a nitrogen ring atom 
25 in the form of an -NH- group may be N-substituted, that is, as -NR-. For example, 
pyrrole may be N-methyl substituted, to give N-methypyrrole. Examples of N- 
substituents include, but are not limited to Cwalkyl, C^oheterocyclyl, Cuoaryl, 
and acyl groups. 

30 Heterocyclic groups (including heteroaryl groups) which have a nitrogen ring atom 
in the form of an -N= group may be substituted in the form of an N-oxide, that is, 
as -N(->0)= (also denoted -N + (-»0». For example, quinoline may be 
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derived from: 

(V cyclopentanone, cyclopentenone, cyclopentadienone; 
C- cyclohexanone, cyclohexendne, oyclohexadienone; 

(e.g., cytosine), pynmidinedione (C 6 ) (e.g., mymn 
1 5 N1S1: thiazolone (C 5 ), isothiazolone (C 5 ); 
N1O1: oxazolinone (C 5 ). 

from: 

20 Cg: indenedione; 

C10: tetralone, decalone; 
Ci 4 : anthrone, phenanthrone; 
Ni: oxindole (C 9 ); 

Q1 : benzopyrone (e.g., coumarin, isocoumarin, chromone) (C 10 ), 
25 NiO,: benzoxazolinone (C 9 ), benzoxazolinone (C 10 ); 
N2: quinazolinedione (C10); 
N 4 : purinone (C 9 ) (e.g., guanine). 

ma ,eic anhydride (C 6 ), succinic anhydride (C 6 ). and giutanc anhydnde (C), 
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cyclic carbonates ,W * a ring), such as ethane carbonate (C 5 ) 
and 1 2-propylene carbonate (C 5 ); 

• • wain maleimideCC^.phthalimide.andglutanmideCCe), 

p-propiCactone, y-botyrCactona, 6-vaierolactone (2-pipendone), and 
e -caprolactone; dj ^ not „ mlted to , 

e-caprolaotam(C 7 V, ^ ei-O} NR- in a ring), such as 2-oxazolidone (Cs); 
pyrimidine-2,4-dione (e.g., thymine, urac.l) (C 6 ). 

listed below. 



20 



25 



position. 

Halo: -F, -Ci, -Br, and -I. 
Hydroxy. -OH. 



^toasaC^oxygrourt.preferabWaC^group. 
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u • r "iq a Ci valkvl group. Examples of Cweltaxy groups 

propoxy), -OOPr) (isopropoxy), -0(nBu) (n butoxy;, 
(isobutoxy), and -0(tBu) (tert-butoxy). 

, , • D i an H R 2 are independently acetal substituents, 
Acetal: -CH(ORW>. where, R and R are 

f or exam Pl e, a C^alKy. group, a ~ ^ R 1 and R 2 , 

prefer a C.alky. group, or, , — -J^ attached , and the 

-CH(OMe) 2 , -CH(OEt) 2 . and -CH(OMe)(OEt). 

„k u „i„ r1 io a hemiacetal substituent, for example, 
Hemiaceta.:-CH(OH)(OR'),where,nR .sahem.a a 

-CH(OH)(OMe) and -CH(OH)(OEt). 

Ketal: -CR(OR 1 )(OR 2 ), where R 1 and R 2 are as ^^^^^^^'^p"^ ^ ^ 3 
^.substituent othertnan hydrogen, for ^'^J™^. 
r heterocvclyl group, or a C^aryl group, preferably a C-yalkyl gro P 

"S, -C(Me)(OMeXOB), -C(Et)(0 M e> 2 , -C(Et)(OEt) 2 . and 
-C(Et)(OMe)(OEt). 

25 •„ ♦ PRrOHMOR 1 ) where R 1 is as defined for hemiacetals, and R is a 

Hemiketal: -CR(OH)(,uk j, wnei 

30 S lI «0»)(0».).-C(«.KO™<OB..»i-C««X«. 



20 



Oxo (keto, -one): =0. 
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Thione (thioketone): =S. 

limited to, =NH,=NMe,=NEt, and =NPh. 
Formyl (oarbaldehyde,carboxaldehyde): -C(=0)H. 

(t-butyryl), and -C(=0)Ph (benzoyl, phenone). 
Carboxy (carboxylic acid): -C(=0)OH. 
Thiocarboxy (thiocarboxylic acid): -C(=S)SH. 
" 0 Thiolocarboxy (thiolocarboxylic acid): -C(=0)SH. 

Thionocarboxy (thionocarboxylic acid): -C(=S)OH. 
25 lmidicacid:-C(=NH)OH. 

Hydroxamic acid: -C(-NOH)OH. 

-C(=0)OPh. 
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. te rV OC(=0)R wherein R is an acyloxy substituent, for 
Acyloxy (reverse ester). -OC( °> R . Qf . c ^ group , 

preferably a C,,a,M group. ^^; !0)W 
limited to, -OC(=0)CH 3 (aoetoxy), -OC(-0)CH 2 CH 3 , 
-OC(=0)Ph, and -OC(=0)CH 3 Ph. 

. , ovv . oc(=0) ORwhereinRisanestersubstit U ent,forexample.a 

well as amido groups .n which R and K 

thev are attached, form a heterocyclic structure as ,n. for examp e 

20 piperazinocarbonyl. 

, • „v NR 1 C(=0)R J wherein R 1 is an amide substituent, for 
Acylamldo (acylam.no). -NR C(-0)R , wn , 

exampie, hydrogen, a C, 7 aikyi group, a c - heter ° C ^ 9 an ^ substituent , for 

25 example, a C,. 7 alkyi group, a C, M heterocydyl g P ^ 
pr eferab,y hydrogen 

TZTZT^T:^. asin,forexam P ,e,— idy, 
maleimidyl, and phthalimidyh 
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°jy° ,^y> q 

-OC(=0)NEt 2 . 

include, but are not limited to, -C(-S)NH 2 , va 
-C(=S)NHCH 2 CH 3 . 

. -a NfR 1 "iCONR z R 3 wherein R 2 and R 3 are independently amino 
Urejdo: -N(R )CONK k w. substituent, for 

sonants, as defined for amino group^andRI^ ^^ 

gr oup. prefer h ^;° r ^X™HCONHMe.-NHCONHEt, 

-NMeCONMe 2 , and -NMeCONEt 2 . 
Guanidino: -NH-C(=NH)NH 2 . 

carbon atom, 
example, hydrogen, a Ci- 7 alkyl group ^ 



15 
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■ ■ x-r heterocyclyl group, or a feoaryl group, preferably H or 

• J^^^ amin o group, R 1 and * taken 
a C-yalkyl group, or, in the case ot a y heterocyclic 

secondary (-NHR ), or tertiary (-NHR R ), an 
(.WW). Examp.esofaminogroups.noK, de but are ot 
MHCH, -NHC(CH3) 2 . -N(CH 3 ) 2 , -N(CH 2 CH 3 ) 2 , and -NHPh. Examples y 

pipendino. piperazino. morphoiino, and thiomorpho.ino. 

, ■ kid wnerei n R is an imino substituent, for example, for example, 

' aC Zgroup aC, 2 obeterooyolylgroup,oraC, 2 oarylgroup, 
SSJ'h^SXU Examplesoflmlnogroups.n.ude.bufarenot 
limited to, =NH, =NMe, and -NEt. 

• ««^w r >Q an amidine substituent, for 



20 



Nitro: -N0 2 . 

Cyano (nitrile, carbonitrile): -CN. 
25 lsocyano: -NC. 
Cyanato: -OCN. 
Isocyanato: -NCO. 
Isothiocyano (isothiocyanato): -NCS. 
Sulfhydryl (thiol, mercapto): -SH. 



30 
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gr ou P s i nc lU do,but a reno tlimi tedto,-SCH 3 and-SCH 2 CH, 

o „ „■„ R is a disulfide substituent, for example, a Cwalkyl 
group, a C« 0 heterocyolyl gr P djsulflde 

(also referred to herein as C,. 7 alky1 disulfide). » 

Ups include, bu, are not limHed to, -SSCH 3 and.SSCH 2 CH, 

Su^.su^^^ 

limited to, -S(=0)CH 3 and -S(=0)CH 2 CH 3 . 

o h^in R is a sulfone substituent, for example, a 
Sulfone (sulfonyl): -S(=0) 2 R, wherein R . . sulfo ^ 

(dansyl). 

Suffinic acid (sulf.no): -S(=0)OH, -S0 2 H. 

30 Sulfonic acid (sulfo): -S(=0) 2 OH, -S0 3 H. 

v o, o\DR' wherein R is a sulfonate substituent, for 
example, a d-yalkyl group, a C3.20heterocyc.y1 g 
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(ethoxysulfinyl; ethyl sulfinate). 

-S(=0)aOCH 2 CH 3 (ethoxysulfonyl; ethyl sulfonate). 

„ n h^tprocvc v group, or a U5- 2 oaryi a' wu K. r 

-OS(=0)CH 3 and -OS(=0)CH 2 CH 3 . 

, rwMJkR wherein R is a sulfonyloxy substituent, for example, a 
Sulfonyloxy: -OS(-0) 2 R, wnere. preferably a 

/•> hotemrvc v aroup, or a t,5-2oaryi yivup. k 

SJSUV— > - «*»» < " ,l * tt 

-SO(=0) 2 OCH 2 CH 3 . 
30 -S(=0)NHPh. 
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groUP , Examp.eso.^ona^ogroupsinc.ude 
S(=0) 2 NH, -S(=0) 2 NH(CH 3 ), -S(=0) 2 N(CH3) 2 , -S(=0) 2 NH(CH 2 CH 3 ). 
-S(=0) 2 N(CH 2 CH 2 ) 2 , and -S(=0) 2 NHPh. 

Sulfamino -NR<S ( =O) 2 0H, wherein R 1 is an amino substituent, as defined I for 
-NHS(=0) 2 OH and -N(CH 3 )S(=0) 2 OH. 

« • • MRisf-OfeR wherein R 1 is an amino substituent, as defined for 

Examples of suifonamino groups inelude, but are not irmrted to, -NHS( 0) 2 CH 3 
and -N(CH 3 )S(=0) 2 C 6 H 5 . 

,r • ,■ MR'SCOIR wherein R 1 is an amino substituent, as defined for 

-N(CH 3 )S(=0)C 6 H 5 . 



25 



30 



Cheryl (also referred to as a C^aryl-C^alkyl group). 
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Similarly, a CmI group may be substituted with, for example, hydroxy (also 
referred to as a C^ohydroxyaryl group), halo (also referred to as a C^ohaloaryl 
group), amino (also referred to as a C^oaminoaryl group, e.g., as in arnhne), 
C, 7 alkyl (also referred to as a C7alkyl.CW.ryl group, e.g., as in toluene), and 
5 C,. 7 alkoxy (also referred to as a C^alkoxy-C^aryl group, e.g., as in anisote). 

These and other specific examples of such substituted-substituents are described 
below. 

10 C,,haloaikyl group: The term "C, 7 ha,oalkyl group," as used herein, pertains to a 
C, ,alkyl group in which at least one hydrogen atom (e.g., 1 , 2, 3) has been 
replaced with a halogen atom (e.g., F, C, Br, i). if more than one hydrogen atom 
has been replaced with a halogen atom, the halogen atoms may independently be 
the same or different Every hydrogen atom may be replaced with a halogen 

15 atom, in which case the group may conveniently be referred to as a 

Cperhaloalkyl group." Examples of C,. 7 haloalkyl groups include, but are not 
limited to. -CF 3 , -CHF 2 , -CH 2 F, -CCI 3 , -CBr 3 , -CH 2 CH 2 F, -CH 2 CHF 2 , and -CH 2 CF, 

C,. 7 haloalkoxy: -OR, wherein R is a C,. 7 haloalkyl group. Examples of 
20 C,. 7 haloalkoxy groups include, but are not limited to, -OCF 3 , -OCHF 2 , -OCH 2 F, 
-OCCfe, -OCBr 3 , -OCH 2 CH 2 F, -OCH 2 CHF 2 , and -OCH 2 CF 3 . 

C, 7 hydroxyalkyl: The term »C, 7 hydroxyalkyl group," as used herein, pertains to a 
C, 7 alkyl group in which at least one hydrogen atom has been replaced wrth a 
hydroxy group. Examples of C,. 7 hydroxyalkyl groups include, but are not rtmrted 
to, -CH 2 OH,-CH 2 CH 2 OH, and -CH(OH)CH 2 OH. 

C, 7 carboxyalkyl: The term »C,. 7 carboxyalkyl group," as used heroin, pertains to a 
C, 7 alkyl group in which at least one hydrogen atom has been replaced wrth a 
carboxy group. Examples of C,. 7 carboxyalkyl groups include, but are not limited 
to, -CH 2 COOH and -CH 2 CH 2 COOH. 



25 
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* -r »minoalkvl group," as used herein, pertains to a 
Cl . 7 aminoalkyU The term "Cwammoalkyl gro p ^ 

-CH 2 NH 2 ,-CH 2 CH 2 NH 2 , and -CH 2 CH 2 N(CH 3 ) 2 . 

15 - N H(CH 2 ) 4 NH<Et), -NH(CH 2 )sNH(B), and -NH(CH 2 ) 6N H(B). 
durene). 

mesityloxy, cumenyloxy, and duryloxy. 

Ch -ralkvl " as used herein, describers 
certain C,. 7 alkyl groups wh.ch have been (phen ylmethyl. 
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CMO aryl-C, 7 a.koxy. The term »C 6 . 2 oaryl-C, 7 a l koxy," as usad herein, descnbes 
Sn^«ou P s which have heen —ted with a 9 roup. 
Examples of such groups inciude, but are not limtted to, benzy oxy. 
benzhydry.oxy, tntyloxy, phenethoxy, styryloxy, and cimmamyloxy. 

X which have been substHuted «h one or more haio groups JBJ*. of 
suoh g roups 1 no l ude,b U tarenot lim Uedto.ha l o P heny,(e.g.,f l uoro P henl 

chloropheny,. bromopheny.. or iodophenyl. whether ortho-, 

suostLd). dihalophenyl, trihalophenyl, tetraha.opheny., and pentahalophenyL 

inr.hides Ot her Forms 

sowate, and protected forms of these substituents. For examp e a . erenoa to 
carboxylic acid (-COOH) also includes the anionic (carboxyiate) form (-COO ), 

Terence to an amino group includes the protonated form (-N HR R a 
soivate of the amino group, for example, a hydrochloride salt, as ,we,.as 
conventionaiprotectedformsofanaminogroup. Similariy, a reference to a 
ZZ urouP a.oinc.udesmeanion.cformW.asa^orso.vatethereof. as 

well as conventional protected forms. 
I „ Rn.vates.rrntrrtnd Forms and Prodrugs 

Certain compounds may exist in one or more «>^*"£*^ 
enantiomeric, diasteriomeric, epimeric, atropic, sterecsomenc, t^om-c 
^formation,, or anomeric forms, including but not UmHed to, c,, and t.ns- 
forms; E- and Z-forms; c, t, and r- forms; endo- and exo-forms R, S- and 
mesoderms; D- and L-forms; d- and .-forms; (♦) and (-) forms; keto-, enoK and 
rCate-forms; syn- and anti-forms; synclinai- and anticiinai-forms; a- and p-forms, 
T n equatorial forms; boat-, chair, twist-, enveiope-, and ha,fcha,r-forms; 
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and combinations thereof, hereinafter collectively referred to as "isomers" (or 
"isomeric forms"). 

Note that, except as discussed below for tautomeric forms, specifically excluded 
from the term "isomers." as used herein, are structural (or constitutional) isomers 
(i e isomers which differ in the connections between atoms rather than merely by 
the position of atoms in space). For example, a reference to a methoxy group, 
-OCH 3 is not to be construed as a reference to its structural isomer, a 
hydroxymethyl group, -CH 2 OH. Similarly, a reference to ortho-chlorophenyl is not 
to be construed as a reference to its structural isomer, meta-chlorophenyl. 
However, a reference to a class of structures may well include structurally 
isomeric forms falling within that class (e.g., Chalky! includes n-propyl and .so- 
propyl; butyl includes n-, iso-, sec, and tert-butyl; methoxyphenyl includes ortho-, 
meta-, and para-methoxyphenyl). 

The above exclusion does not pertain to tautomeric forms, for example, keto-, 
enol-, and enolate-forms, as in, for example, the following tautomeric pairs: 
keto/enol (illustrated below), imine/enamine, amide/imino alcohol, 
amidine/amidine, nitroso/oxime, thioketone/enethiol, N-nitroso/hyroxyazo, and 
20 nitro/aci-nitro. 



4 



keto 



v OH H + \ ,0" 

c=c' =5= c=c 

/ \ H* / N 
enol enolate 



Note that specifically included in the term "isomer" are compounds with one or 
more isotopic substitutions. For example, H may be in any isotopic form, including 
25 1 H, S H(D), and 3 H(T);C may be in any isotopic form, including C, C.and C, 
O may be in any isotopic form, including ,s O and ,s O; and the like. 

Unless otherwise specified, a reference to a particular compound includes all such 
isomeric forms, including (wholly or partially) racemic and other mixtures thereof. 
30 Methods for the preparation (e.g., asymmetric synthesis) and separate (e.g., 
fractional crystallisation and chromatographic means) of such isomeric forms are 
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eKherKnownmtheart or are read-y obtained b vadap«n g the — taught 
herein, or known methods, in a known manner. 

tonic, salt, sowate. and protected forms of thereof, for exampie, as dracussed 



below. 
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„ „ .,. ,377. «*"» ""W" ilMO^-™ 



pp. 1-19. 
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JLoiamine, pipeline, benzyiamine, «*-<rfTJX«- 
suifuric, sulfurous, nitric, nrtrous, phosphoric, and phosphorous. 
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Examples of suitable organic anions include, but are not limited to, those derived 
from the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, 
benzoic, camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, 
ethanesulfonic, fumaric, glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic, 

5 hydroxynaphthalene carboxylic, isethionic, lactic, lactobionic, lauric, maleic, mal.c, 
methanesulfonic, mucic, oleic, oxalic, palmitic, pamoic, pantothenic, phenylacefc, 
phenylsulfonic, propionic, pyruvic, salicylic, stearic, succinic, sulfanilic, tartar.c, 
toluenesulfonic, and valeric. Examples of suitable polymeric organic anions 
include, but are not limited to, those derived from the following polymeric acids: 

10 tannic acid, carboxymethyl cellulose. 

It may be convenient or desirable to prepare, purify, and/or handle a 
corresponding solvate of the active compound. The term "solvate" is used herein 
in the conventional sense to refer to a complex of solute (e.g., active compound, 
15 salt of active compound) and solvent. If the solvent is water, the solvate may be 
conveniently referred to as a hydrate, for example, a mono-hydrate, a di-hydrate, 
a tri-hydrate, etc. 

It may be convenient or desirable to prepare, purify, and/or handle the active 
20 compound in a chemically protected form. The term "chemically protected form- 
is used herein in the conventional chemical sense and pertains to a compound in 
which one or more reactive functional groups are protected from undesirable 
chemical reactions under specified conditions (e.g., pH, temperature, radiation, 
solvent, and the like). In practice, well known chemical methods are employed to 
25 reversibly render unreactive a functional group, which otherwise would be 

reactive under specified conditions. In a chemically protected form, one or more 
reactive functional groups are in the form of a protected or protecting group (also 
known as a masked or masking group or a blocked or blocking group). By 
protecting a reactive functional group, reactions involving other unprotected 
30 reactive functional groups can be performed, without affecting the protected 
group; the protecting group may be removed, usually in a subsequent step, 
without substantially affecting the remainder of the molecule. See, for example, 
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. o *u«os e rr nr^Pn and P Wuts; 3rd Edition; John 
Protective Groun« |n Qrganjc Synthesis (T. Green ana r. wu 

Wiley and Sons, 1999). 

Awide variety of such "protecting » "btocKing," or "masking" methods are widely 
used and weii known in organic synthesis. For example, a compound wh, h has 
Z no equivalent reactive functionai groups, both of which wouid be reactive 

lu s "protected," and therefore unreactive, under the specified condone; so 
one reactive functionai group. After the desired reaction (.nvoivrng t e other 
it to its original functionality. 

For exampie,ahydroxy group may be protected as an ether(-OR)or an ester 
<-OC(=0)R), for example, as: a t-butyl ether; a benzyl, benzhydryl 
(diphenylmethyl), ortrityl (triphenylmethyl) ether; a trimethylsilyl or 
t-butyldimethylsilyl ether; or an acetyl ester <-OC<=0)CH3, -OAc). 

For exampie, an aldehyde or ketone group may be protected as an «W 
(R-CH(OR) 2 ) or ketai (R 2 C(OR) 2 ), respectively, in which the carbonyl group 
>C=0) is converted to a diether (>C(OR) 2 ), by reaction with, for example, a 
primary alcohol. The aldehyde or ketone group is readily regenerated by 
hydrolysis using a large excess of water in the presence of add. 

For example, an amine group may be protected, for exampie, as an amide 
(-NRCO-R) or a urethane (-NRCO-OR), for example, as: a methyi am,de 
,NHCO-CH3);abenzyloxyamide(.NHCO-OCH 2 CeH 6 ,-NH-Cbz);asat-butoxy 

amide (-NHCO-OC(CH 3 ) 3 , -NH-Boc); a 2*iphenyl-2-propoxy amide 
(-NHCO-OC(CH3) 2 CeH 4 C 6 H 6 , -NH-Bpoc), as a g-fluorenylmethoxy am,de 
(-NH-Fmoc), as a 6-nitroveratryloxy amide (-NH-Nvoo), as a 
2-trimethy.sily.ethyloxy amide (-NH-Teoc), as a 2.2.2-triohtoroothy.oxy amtfe 
(-NH-Troc), as an allyloxy amide (-NH-AUoc), as a 2(-phenylsulphony.)ethy.oxy 
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amide (-NH-Psec); or. in suitabie cases (e.g.. cyciic amines, as a nitroxide radica. 
(>N-0). 

For exampie. a carboxyiic aoid group may be protected as an ester for example. 
e.g.,aC, 7 triha,oa,Me^^^^ 

C 17 a l Mester(e.g..abenzyiester ; annroben Z y 1 ester) ; orasanam,de.for 
example, as a methyl amide. 

a benzyi thioether; an acetamidomethyi ether ( -S-CH 2 NHC(-0)CH 3 ). 
Acronyms 

SU —» * W ^oxy (BO), benzoy, (Bz), and acetyl (Ac), 
^convenience, many chemicai compounds are represented 

■so-propanol (i-PrOH), methyiethyi ketone (MEK), ether or d,ethy. ether (EfeO), 
aTacid (AcOH). dichioromethane (methyiene ch.oride, DCM), ace.on.tnie 
(ACN)^trifluoroacetic acid (TFA), diethylamide (DWIF), tetrahydrofuran 
(THF), and dimethylsulfoxide (DMSO). 
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S ynthesis 



30 



Several methods for the chemical synthesis of compounds of the present 
SI deseed herein. These and/or other we,, known methods may he 

additional compounds within the scope of the present invents. 
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,„ one approach, 2- or 4-fluoronitrobenzene (1) is reacted wrth diethanolamine (2) 
to form the corresponding 2- or 4-(di(2-hydroxyethyl)amino)nitrobenzene (3). 

An example of such a method is i.iustrated in the following scheme, in which the 
conditions are: 0) heating at 1WC. without soivent, 16h, 83%, purification by 
column chromatography (Kiselgel 60, eluent AcOEt). 
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Scheme 1 



0 2 Nv^^. / -OH 

-N. 



The hydroxy groups of the product (3) are protected as t-butyldimethylsiiyl ethers 
(4) The nitre group is then reduced to give an amino group (5), which . tat 
m o„o-protected, for exampie, as a benzyl carbamate (6), then substituted 
<e.g., alkylated) (7), and then deprotected to give the corresponds N-subsfituted 
product (8). 

An example of such a method is illustrated in thefollowing scheme, in which the 
conditions are: (i) t-butyUdimethyl-siiy, ch.oride (TBDMSiCt), 
formamide (DMF), room temperature (r.t.), 20h, 80%; 00 Ha, Pd/C (10%) THF 
rt 6h 95%;(iii)N-ben Z yloxycarbonyloxy-succinimide,THF,r.t,,16h,05/. (iv, 

alkyl halide (e.g., alkyl iodide, e.g., methyl iodide), NaH, THF, r.t., 12h, 100%; and 
(v) H 2 , Pd/C 10%. AcOEt, r.t., 3h, 100%. 
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Sghgme 2 



00 . 




(ho Ph - 0 Y B 



Ph^O^/N^A. r -OSiTBDNl 



R 




/ ^OSiTBDM 

J>A*^^ — OSiTBDM 



, of the oresent invention pertains to the intermediates 7 and 8 (and 
methods of synthesis described here.n. 

N -substituted compound (8) (see below). 
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amine and an isocyanate. 

nitrophenylcarbonate (19). 

The resulting product is the hydroxy-protected diester of the 

15 (19). 
25 using well known methods. 



group (13). 
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An example of such a method is illustrated in the Mowing scheme in which the 



70°C. 



10 



15 




NCO 



Separateiy, the acid groups of glumatic acid (14) are protected, for example, as 
XUs^^forexamp.e.asthedi.MesterorthedM-buty.ester, 

preferably as the di-allyl ester. 

An exampie o, such a method is illustrated in the following scheme, in whteh the 
lZsares Uft a b .eastermcat,oncond«ons. Forexample .-JJ^* 
suitable conditions are: (,) isohutene. H 2 S0 4 , DCM, -7<TC to 

a,., 1989) Notes. £257, NovaBiochem UK, CN Biosciences 

(bis-allyl-L-glutamate. tosylate salt, 25 g, £64, NovaBiochem). 



20 al 



25 



Scheme 4 
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,, necessary, the amino group of the protected glutamic acid (15) is converted to 
an isocyanato group (16) (suitable for approaches (a) and (b)). 

An exampie of such a method is illustrated in the following scheme, in which the 
conditions are: (i) (CI 3 CO) 2 CO, NB 3 , toluene or other aprotic solvent such as THF 
or dichloromethane (DCM), -78°C. 

Scheme 5 

H 2 N ^A 0 R E J!U OCN -^^OR E 
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As described above, in approach (a), a self-immo.ative core reagent beanng an 
amine (and having an unprotected hydroxy group) (9) is reacted , . ■ — 
reagent beanng an isocyanate (16), to give the glutamate-urea-benzyl-ether (18). 

An example of such a method is iilustrated in the following scheme, in which the 
conditions are: (i) THF, NEfe, room temperature. 



Scheme 6 
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As described above, in approach (b), a seK-immolative core reagent beanng an 
amine (and having a protected hydroxy group) (12) is reacted with a g utamate 
r ea g entbearinganisocyan a «e(16),togivethehydroxy-protectedglut a ma,e-urea- 

25 benzyl-ether (17). 
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An example of such a method is illustrated in the following scheme, in which the 
conditions are: (i) THF, NEt 3> room temperature. 

Scheme 7 




OR Y 



As described above, in approach (c), a seif-immoiatrve core -gembeanng an 
isocyanate (and having a protected hydroxy group) (13) ,s reacted wtfv a 
g luta rnatereagentbearinganarnine(15 ) ,tog i vethehydroxy-protec,ed 

10 glutamate-urea-benzyl-ether(17). 

An example of suchamethod is illustrated in the following scheme, in which the 
conditions are: (i) THF, NEt 3 , room temperature. 
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Scheme 8 
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° O^OR* 

The hydroxy-protecting group of the hydroxy-proteoted giutamate-urea-ben^- 
ILW)^henrernovedusingsu i tab,edeprotectionoondit,onstoy 1 eidthe 

corresponding glutamate-urea-benzyl-alcohol (18). 

Anexampie of suchamethod is ^^^^^0^ 
sufta b,e deprotection conditions may be used. For example, when R ,s TBDPSi, 
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the conditions are: 0) Bu<NF, THF, room temperature; when R is 
2-tetrahydropyrany, (THP), the conditions are: (i) AcOH, THF. H 2 D. Note that, 
wten R TBDPSi, R E should not be ailyl (but R E may be, e.g., t-butyl), because 
S elr-deprotection ieads to undesired by-products; when «• is THP, such 
problems do not arise (and R E may be, e.g., allyl, t-butyl, etc.). 




'OR 6 



10 The giutamate-urea-benzyi-alcohol (18) is then activated by formation of the 
corresponding giutamate-urea-benzyl-p-nitrophenylcarbonate (19). 

An exampie of such a method is iilustrated in the foliowing scheme, in which the 
Conditions are: (i) 4-nitropheny,ch,oroformate, THF (or CH 3 CN), N*. room 
15 temperature, 1h, 48-50%. 



Scheme 10 
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20 As described above, the reactive .inker compound (19) is then reacted with the 
N-substituted compound (8), to form the conjugate (20). 
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An example of such a method is illustrated in the following scheme, in which the 
conditions are: (i) dimethyl acetamide (DMA), r.t, 5 days, 28%. 



10 



Scheme 1 1 
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The t-butyldimethylsilyl ether groups of the conjugate (20) are then removed to 
give the corresponding compound (21) bearing hydroxy groups, which are then 
converted to sulfonates (e.g., mesylates) (22), and then to a halides (23). 

An example of such a method is illustrated in the following scheme, in which the 
conditions are: (i) NEfe.SHF, THF, r.t, 7h, 97%; (ii) Mes 2 0, NED. 
4-N N-dimethylaminopyridine (DMAP), CH 2 CI 2 , r.t., 2.5h, 99%; and (Hi) where X « 
I: Nal, acetona, reflux, 4h, 94-/.; where X is Br: LiBr, THF, reflux, 1.5h, 69%; and 
where X is CI: LiCI, dimethyl acetamide (DMA), r.t., 24h, 51%. 
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Another aspect of the present invention pertains to the intermediates 20, 21 , 22 
a a 23 in the above scheme (and siiyi, -SiR,, anaiogs of -SiTBDM; and suifony.. 
S0 2 R anaiogs of -S0 2M e), which are suitabie for use in the methods of synthe ,s 

Zibed herein. Another aspect of the present inven«on pertains to the use of 
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such intermediates, as described herein, in the methods of synthesis described 



herein. 



The glutamic acid ester groups of the haiide (23) are then removed using suitable 
^protection conditions, to give the glutamic acid product (24), 



eluentMeOH.84%. 



Rr.heme 13 
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Uses 



The present invention provides compounds (prodrugs)as described herein. 
20 Oneaspectofthepresentinventionpertainstocompounds(prodrugs)which 
20 J 7Z L (e... i-0 ce- Pro— (b) inhibit cel, cycle progress.cn; 
(C ) promote apoptosis; or (d) a combination of one or more of these. 

One aspect of the present invention pertains to a method of (a) relating 
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th p cell with an effective amount of a 
wfro or in vivo, comprising contacting the ceil wnn a. 

compound (prodrug), as described herein. 

One aspect of the present invention pertains to a method of 

to a inhibiting) proliferation of a cell, /n vir. or in vivo, compnsing contactmg the 

leu with an effele amount of a compound (prodrug), as described here,, 

in one embodiment, the method is performed in vitro. 
in one embodiment, the method is performed in vivo. 

Preferably, the compound (prodrug) is provided in the form of a pharmaceuficaUy 
acceptable composition. 

0 „«, eg., bowel, colon), breast (mammary), ovarian, prostate, ,.er 
(hepatic), kidney (renal), bladder, pancreas, brain, and skm. 

One of ordinary skill in the art is readily able to determine whether or not a 
TZL corned regulates (e,„ inhib«s) ce„ proton ^ 
assays which may conveniently be used to assess the acbyty offered bya 
particular compound (prodrug) are described in the examp.es below. 

For example, asample of ceiis (e.g., from a tumour) may be grown /n y^ and a 

prognostic or diagnostic marker of the efficacy of the compound ,n methods of 
treating a patient carrying cells of the same cellular type. 



20 
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^th^snf Treatment, Eta 



herein. 



15 



20 



25 



^i nc tn the use of a compound (prodrug) 

^^^.«^o^-*^ ,,,! - , ■■ ,,,,,, ■ 



Treatment 



30 



(i.e., prophylaxis) is also included. 
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The term "therapeuticaHy-effeotivo amount," as used herein, pertains to mat 
theIpeutioe«ect,oommensuratewithareasonabiebenef lU r,s k rat,o. 
The term "treatment" includes combination treatments and therapies in which two 

therapy, enzyme prodrug therapy (EPT), such as GDEPT, ADEPT, e ». 
radiation therapy; and gene therapy. 

Antiprnlif-r^^ Applications 

The present invention also provides compounds (prodrugs) whioh are 
20 antiproliferative agents. 

a proliferative condition). 

The terms "proiKerative oond^on," "proiHerative disomer," and "proiifer^ 
ZT-a. used interchangeabiy herein and pertain to an unwanted or 

undesired, such as, neoplastic or hyperplastic growth. 
Ooplasms and tumours (e.g.. histocytoma, giioma, astrocyoma, osteoma), 
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cancers (e g lung cancer, small cell lung cancer, gastrointestinal cancer, bowe, 

{ z jl. *- — — prostate m 

Ltiou.ar ra nc.r,.ivercancer, ki dneycancer,b.addercancer,pancreascance 
bl cl L sa coma, osteosarcoma, Kaposi's sarcoma, melanoma), leukermas, 

5 ::;r D Le^ 

and atherosclerosis. 

candidate compound treats a proliferative condition '"^"^ 
10 Forexample.assayswhichmayconvenientiybeusedtoassesstheact.vrty 

^ d byaparticu,arcompoundaredesc ri bedint h eexamp.esbe.ow. 

Anticancer Applications 
n5 The present invention also provides compounds (prodrugs) which are anticancer 
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Theterm"an«canceragenras U sedherein,pe rt ainstoacompound(prorug) 
^clltsacancer(..e.,acompound which is useful in the treatment ofa 

Tcudigbut not limited to, the regulation of cell proliferation, ".tiono^n 
Ze progression, the inhibmon of angiogenesis (the formation of new 
Lsefc)the inhibition of metastasis (the spread of a tumour from ,ts eng.), the 

structures), or the promotion of apoptosis (programmed cell death). 

Examples of cancers are discussed herein. 

One of ordinary skill in the art is readily able to determine whether or not a 

"ample, assays which may convenientiy be used to assess the activ,ty offered by 
a particular compound are described in the examples below. 
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FnT ym^ Prodrug Th eraov Etc. 

As discussed above, the compounds (prodrugs) described herein are useful in 
enzyme prodrug therapy (EPT) and related methods. 

therapy (EPT) which employs a compound (prodrug), as desonbed here.n, and 
carboxypeptidase enzyme, as described herein. 

10 Oneaspectofthepresentinventionpertainstoamethodof (a) regulating 

(e.g., inhibiting) proliferation of acell; (b) inhibiting ceU cycle progress.cn of a cell, 
c) promoting apoptosis of a cell; or (d) a combination o, one or more of these. 
L or ,„ vivo, comprising contacting the cel. with an effective amount of a 
compound(prodr U g),asdescribedherein,inthepresenceofacarboxypept,dase 

1 5 enzyme, as described herein. 

One aspect of the present invention pertains to a method of ^ ula «T 
(e.g., inhibiting) proliferation of a cel., in vitro or in vivo, compns.ng contact,ng the 
J with an effects amount of a compound (prodrug), as desonbed here,n, ,n the 
20 presence of a carboxypeptidase enzyme, as described herem. 

One aspect of the present invention pertains to a method of treatment, for 
example, of cancer, a proliferative oondttion, or other condition as desonbed 
herein, comprising administering to a subject in need of treatment a 
25 therapeufically-effeotive amount of a compound (prodrug), as desonbed here,n, 

preferably in the form of a pharmaceutical composition, in the presence of a 

carboxypeptidase enzyme, as described herein. 



30 



,n one embodiment, the enzyme is a bacterial carboxypeptidase enzyme. 

In one embodiment, the enzyme is CPG2. 

In one embodiment, the enzyme Is bacterial CPG2. 
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Examples of suitable oarboxypeptidase enzymes, and methods for the, 
preparation and use, are well known in the art. Guidance for the selects of 

an d U se,isa,sowideiyava«ab,e.See,forexampie,thed 1 souss,onaboveunder 

the heading "Background," and the documents cited therem. 

rntih-Y Digged. Fn ™ me Prnf1nlf1 Thera PV 

As discussed above, the compounds (prodrugs) described herein may be used in 
a^nethod of antibody directed enzyme prodrug therapy (ADEPT) and related 
methods. 

One aspect of the present invention pertains toamethod of antibody , directed 
enzyme P prodrug therapy (ADEPT) which employs a -^erl 
described herein, and a oarboxypeptidase enzyme, as descnbed here,n. 

One aspect of the present invention pertains to a two component system 
^T^ooomponentsforuseinassodationwith.oneano^ 
20 Z p drug, as described herein; and (b) an antibody or fragmen thereof 



10 



15 



conji 



One aspect of the present invention pertains to a two component system, as _ 



25 therapy. 
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One aspect of the present invention pertains to use of a two component system 

Sample, cancer, a proliferative condHion, or other condition as descnbed here,. 

One aspect of the invention pertains to a kit comprising (a) a prodrug as 
described herein; (b)an anybody or fragment thereof conjugated or fused toa 
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carboxypeptidase enzyme, as described herein; and (c) — ns for use, for 

example, written instructions on how to perform ADEPT. 

One aspect of the present invention pertains toamethod of (a) regulating 

•mrz:— — —- trsir 

as described herein, preferabiy in the form of a pharmaceufccal 
composition. 

— ~sss:ss:i— 

preferably in the form of a pharmaceutical composition. 

dJL herein; and 00^^^ 
(prodrug), as described herein, preferably in the form of a pharmaceutic* 

composition. 

Examples of suitable antibodies and antibody conjugates, and — for their 
preparation and use, including methods of ADEPT, are well ° " *^ 

conjugates, and methods for their preparation and use, is a so w,c y 
Z, for example, the discussion above under the heading "Background, and 
documents cited therein. 
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GenePirected EnzvmePr od n. g Therapy Eta 

As discussed above, the compounds (prodrugs) described ^ re '" ™^ ^ used in 
Hod of gene directed enzyme prodrug therapy (GDEPT) and re.ated 
methods. 

One aspect of the present invention pertains to a method of gene directed 
enzyrne prodrug therapy (GDEPT) which empioys a compound (pmd~g), as 

described herein, and a carboxypeptidase enzyme, as descnbed here,, 
OneasDectofthepresentinventionpertainstoatwocomponentsystem 

L a prodrug, as described herein; and (b) a nucleic acid encod.ng (e.g., as part 

^vectorc^ 
herein. 

20 therapy. 

Oneaspectofthepresentinventionpertainstouseofatwooomponentsystem 

25 one aspect of the invention pertains to a kit comprising (a) a prodrug, as 
for use, for example, written instructions on how to perform GDEPT. 



10 



15 
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One aspect of the present invention pertains toamethod of (a) ragula tl ng 

z « * * a •* (b> inwbitin9 0611 t p :rir 

c)pomotingapopto S isoface, l; or(d)acombinationofoneormoreofthese, 
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in vitro or in vivo, comprising: (i) contacting the cell with a nucleic acid encoding 
(e.g., as part of a vector capable of expressing) a carboxypeptidase enzyme, as 
described herein; and (ii) contacting the cell with a therapeutically-effective 
amount of a compound (prodrug), as described herein, preferably in the form of a 
5 pharmaceutical composition. 

One aspect of the present invention pertains to a method of regulating 
(e.g., inhibiting) proliferation of a cell, in vitro or in vivo, comprising: (i) contacting 
the cell with a nucleic acid encoding (e.g., as part of a vector capable of 
10 expressing) a carboxypeptidase enzyme, as described herein: and (ii) contacting 
the cell with a therapeutically-effective amount of a compound (prodrug), as 
described herein, preferably in the form of a pharmaceutical composition. 

One aspect of the present invention pertains to a method of treatment, for 
15 example, of cancer, a proliferative condition, or other condition as described 
herein, comprising administering to a subject in need of treatment: (i) a nucleic 
acid encoding (e.g., as part of a vector capable of expressing) a carboxypeptidase 
enzyme, as described herein; and (ii) a therapeutically-effective amount of a 
compound (prodrug), as described herein, preferably in the form of a 
20 pharmaceutical composition. 

Examples of suitable nucleic acids, vectors, and methods for their preparation and 
use, including methods of GDEPT, are well known in the art. Guidance for the 
selection of additional suitable vectors, and methods for their preparation and use, 
25 is also widely available. See, for example, the discussion above under the 
heading "Background," and the documents cited therein. 



Additional Uses 



The compounds (prodrugs) may also be used as cell culture additives, 
example, in order to regulate (e.g., inhibit) cell proliferation in vitro. 
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The compounds (prodrugs) may also be used as part of an in vitro assay, for 
example, in order to determine whether a candidate host is likely to benefit from 
treatment with the compound in question. 

The compounds (prodrugs) may also be used as a standard, for example, in an 
assay, in order to identify other compounds (prodrugs), other drugs, other 
anticancer agents, other antiproliferative agents, etc. 

Routes of Administration 

The compound (prodrug) or pharmaceutical composition comprising the 
compound (prodrug) may be administered to a subject by any convenient route of 
administration, whether systemicaily/ peripherally or topically (i.e., at the site of 
desired action). 



15 



Routes of administration include, but are not limited to, oral (e.g, by ingestion); 
buccal; sublingual; transdermal (including, e.g., by a patch, plaster, etc.); 
transmucosal (including, e.g., by a patch, plaster, etc.); intranasal (e.g., by nasal 
spray); ocular (e.g., by eyedrops); pulmonary (e.g., by inhalation or insufflat,on 
20 therapy using, e.g., via an aerosol, e.g., through the mouth or nose); rectal (e.g., 
by suppository or enema); vaginal (e.g., by pessary); parenteral, for example, by 
injection, including subcutaneous, intradermal, intramuscular, intravenous, 
intraarterial, intracardiac, intrathecal, intraspinal, intracapsular, subcapsular, 
intraorbital, intraperitoneal, intratracheal, subcuticular, intraarticular, subarachnoid, 
25 and intrasternal; by implant of a depot or reservoir, for example, subcutaneously 
or intramuscularly. 

The Subject 



30 



In one embodiment, the subject is a prokaryote (e.g., bacteria) or a eukaryote 
(e.g., protoctista, fungi, plants, animals). 



In one embodiment, the subject is a protoctista, an alga, or a protozoan. 



WJW/BP6070429 

-77- 



10 



15 



20 



25 



In one embodiment, the subject is a plant, an angiosperm, a dicotyledon, a 
monocotyledon, a gymnosperm, a conifer, a ginkgo, a cycad, a fern, a horseta.i, a 
clubmoss, a liverwort, or a moss. 

In one embodiment, the subject is an animal. 

|„ one embodiment, the subject is a chordate, an invertebrate, an echinoderm 
(e g starfish, sea urchins, brittlestars), an arthropod, an annelid (segmented 
worms) (e.g., earthworms, lugworms, leeches), a mollusk (cephalopods (e.g., 
squids, octopi), pelecypods (e.g., oysters, mussels, clams), gastropods (e.g.. 
snails slugs)), a nematode (round worms), a platyhelminthes (flatworms) (e.g., 
planarians. flukes, tapeworms), a cnidaria (e.g., jelly fish, sea anemones, corals), 
or a porifera (e.g., sponges). 

in one embodiment, the subject is an arthropod, an insect (e.g., beetles, 
butterflies, moths), a chilopoda (centipedes), a diplopoda (millipedes), a 
crustacean (e.g.. shrimps, crabs, lobsters), or an arachnid (e.g., sp,ders, 
scorpions, mites). 

,n one embodiment, the subject is a chordate, a vertebrate, a mammal, a bird a 
reptile (e.g., snakes, lizards, crocodiles), an amphibian (e.g., frogs, toads), a bony 
fish (e.g., salmon, plaice, eel, lungfish). a cartilaginous fish (e.g., sharks, rays), or 
a jawless fish (e.g., lampreys, hagfish). 

In one embodiment, the subject is a mammal. 

in one embodiment, the subject is a mammal, a placental mammal, a marsupial 
(e g kangaroo, wombat), a monotreme (e.g., duckbilled platypus), a rodent (e.g., 
a guinea pig, a hamster, a rat, a mouse), murine (e.g., a mouse), a lagomorph 
(e g a rabbit), avian (e.g., a bird), canine (e.g.. a dog), feline (e.g.. a cat), equme 
(e g a horse), porcine (e.g., a pig), ovine (e.g., a sheep), bovine (e.g., a cow), a 



30 



WJW/BP6070429 

-78- 



5 



10 



primate, simian (e.g., a monkey or ape), a monkey (e.g., marmoset, baboon), an 
ape (e.g., gorilla, chimpanzee, orangutang, gibbon), or a human. 

In one embodiment, the subject is a human. 

The subject may be any of its forms of development, for example, a spore, a seed, 
an egg, a larva, a pupa, or a foetus. 

Formulations 

While it is possible for the compound (prodrug) to be used (e.g., administered) 
alone, it is often preferable to present it as a formulation. 

Thus, one aspect of the present invention pertains to a composition comprising a 
1 5 compound (prodrug), as described herein, and a carrier. 

In one embodiment, the composition is a pharmaceutical composition (e.g., 
formulation, preparation, medicament) comprising a compound (prodrug), as 
described herein, and a pharmaceutical^ acceptable carrier. 

20 

In one embodiment, the composition is a pharmaceutical composition comprising 
at least one compound (prodrug), as described herein, together with one or more 
other pharmaceutical acceptable ingredients well known to those skilled in the 
art, including, but not limited to, pharmaceutical^ acceptable carriers, diluents, 
25 excipients, adjuvants, fillers, buffers, preservatives, anti-oxidants, lubricants, 
stabilisers, solubilisers, surfactants (e.g., wetting agents), masking agents, 
colouring agents, flavouring agents, and sweetening agents. 

In one embodiment, the composition further comprises other active agents, for 
30 example, other therapeutic or prophylactic agents. 



Suitable carriers, diluents, excipients, etc. can be found in standard 
pharmaceutical texts. See, for example, Handbook of Pharmaceutical Additives , 
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2nd Edition (eds. M. Ash and I. Ash), 2001 (Synapse Information Resources, Inc., 
Endicott, New York, USA), Remington's P harmaceutical Sciences, 18th edition, 
Mack Publishing Company, Easton, Pa., 1990; and Handbook of Pharmaceutical 
Excipients . 2nd edition, 1994. 

5 

Another aspect of the present invention pertains to methods of making a 
pharmaceutical composition comprising admixing at least one compound 
(prodrug), as defined above, together with one or more other pharmaceutical^ 
acceptable ingredients well known to those skilled in the art, e.g., carriers, 
10 diluents, excipients, etc. If formulated as discrete units (e.g., tablets, etc.), each 
unit contains a predetermined amount (dosage) of the compound (prodrug). 

The term "pharmaceutically acceptable" as used herein pertains to compounds, 
ingredients, materials, compositions, dosage forms, etc., which are, within the 
1 5 scope of sound medical judgment, suitable for use in contact with the tissues of 
the subject in question (e.g., human) without excessive toxicity, irritation, allergic 
response, or other problem or complication, commensurate with a reasonable 
benefit/risk ratio. Each carrier, diluent, excipient, etc. must also be "acceptable" in 
the sense of being compatible with the other ingredients of the formulation. 

20 

The formulations may be prepared by any methods well known in the art of 
pharmacy. Such methods include the step of bringing into association the 
compound (prodrug) with a carrier which constitutes one or more accessory 
ingredients. In general, the formulations are prepared by uniformly and intimately 
25 bringing into association the compound (prodrug) with carriers (e.g., liquid 
carriers, finely divided solid carrier, etc.), and then shaping the product, if 
necessary. 

The formulation may be prepared to provide for rapid or slow release; immediate, 
30 delayed, timed, or sustained release; or a combination thereof. 



Formulations may suitably be in the form of liquids, solutions (e.g., aqueous, 
non-aqueous), suspensions (e.g., aqueous, non-aqueous), emulsions 
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(e.g., oil-in-water, water-in-oil), elixirs, syrups, electuaries, mouthwashes, drops, 
tablets (including, e.g., coated tablets), granules, powders, lozenges, pastilles, 
capsules (including, e.g., hard and soft gelatin capsules), cachets, pills, ampoules, 
boluses, suppositories, pessaries, tinctures, gels, pastes, ointments, creams, 
5 lotions, oils, foams, sprays, mists, or aerosols. 

Formulations may suitably be provided as a patch, adhesive plaster, bandage, 
dressing, or the like which is impregnated with one or more active compounds and 
optionally one or more other pharmaceutically acceptable ingredients, including, 
10 for example, penetration, permeation, and absorption enhancers. Formulations 
may also suitably be provided in a the form of a depot or reservoir. 

The compound (prodrug) may be dissolved in, suspended in, or admixed with one 
or more other pharmaceutically acceptable ingredients. The compound (prodrug) 
15 may be presented in a liposome or other microparticulate which is designed to 
target the compound (prodrug), for example, to blood components or one or more 
organs. 

Formulations suitable for oral administration (e.g, by ingestion) include liquids, 
20 solutions (e.g., aqueous, non-aqueous), suspensions (e.g., aqueous, 
non-aqueous), emulsions (e.g., oil-in-water, water-in-oil), elixirs, syrups, 
electuaries, tablets, granules, powders, capsules, cachets, pills, ampoules, 
boluses. 

25 Formulations suitable for buccal administration include mouthwashes, lozenges, 
pastilles, as well as patches, adhesive plasters, depots, and reservoirs. Lozenges 
typically comprise the compound (prodrug) in a flavored basis, usually sucrose 
and acacia or tragacanth. Pastilles typically comprise the compound (prodrug) in 
an inert matrix, such as gelatin and glycerin, or sucrose and acacia. 

30 Mouthwashes typically comprise the compound (prodrug) in a suitable liquid 



carrier. 
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Formulations suitable for sublingual administration include tablets, lozenges, 
pastilles, capsules, and pills. 

Formulations suitable for oral transmucosal administration include liquids, 
5 solutions (e.g., aqueous, non-aqueous), suspensions (e.g., aqueous, 

non-aqueous), emulsions (e.g., oil-in-water, water-in-oil), mouthwashes, lozenges, 
pastilles, as well as patches, adhesive plasters, depots, and reservoirs. 

Formulations suitable for non-oral transmucosal administration include liquids, 
10 solutions (e.g., aqueous, non-aqueous), suspensions (e.g., aqueous, 

non-aqueous), emulsions (e.g., oil-in-water, water-in-oil), suppositories, pessaries, 
gels, pastes, ointments, creams, lotions, oils, as well as patches, adhesive 
plasters, depots, and reservoirs. 

1 5 Formulations suitable for transdermal administration include gels, pastes, 
ointments, creams, lotions, and oils, as well as patches, adhesive plasters, 
bandages, dressings, depots, and reservoirs. 

Tablets may be made by conventional means, e.g., compression or molding, 
20 optionally with one or more accessory ingredients. Compressed tablets may be 
prepared by compressing in a suitable machine the compound (prodrug) in a 
free-flowing form such as a powder or granules, optionally mixed with one or more 
binders (e.g., povidone, gelatin, acacia, sorbitol, tragacanth, hydroxypropylmethyl 
cellulose); fillers or diluents (e.g., lactose, microcrystalline cellulose, calcium 
25 hydrogen phosphate); lubricants (e.g., magnesium stearate, talc, silica); 

disintegrants (e.g., sodium starch glycolate, cross-linked povidone, cross-linked 
sodium carboxymethyl cellulose); surface-active or dispersing or wetting agents 
(e.g., sodium lauryl sulfate); preservatives (e.g., methyl p-hydroxybenzoate, propyl 
p-hydroxybenzoate, sorbic acid); flavours, flavour enhancing agents, and 
30 sweeteners. Molded tablets may be made by molding in a suitable machine a 
mixture of the powdered compound moistened with an inert liquid diluent. The 
tablets may optionally be coated or scored and may be formulated so as to 
provide slow or controlled release of the compound (prodrug) therein using, for 
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10 



15 



parts of the gut other than the stomach, 
a water-miscible ointment base. 

related analogues. 

em U *ent).er ft maycomp- ^^^V**-— 
oil or with both a fat and an o.l. Preferably.a y * „ is also preferred 

oily dispersed phase of the cream formulations. 



20 



25 
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ma y be very low. Thus the cream should preferably be a non-greasy, 
non-staining and washable produot with suitable consistency to avoid leakage 
from tubes or other containers. Straight or branched chain, mono- or d,bas.c alky 
esters such as di-isoadipate, isocety. stearate, propylene glycol diester of coconut 
5 fatty acids, isopropyl myristate, decy. oleate, isopropyl paimitate. ^ 

ethylhexyl palmrtate ora blend of branched chain esters known as Crodamol CAP 
may be used, the last three being preferred esters. These may be used alone or 
in combination depending on the properties required. Alternatively, h,gh meltrng 
point lipids such as white soft paraffin and/or liquid paraffin or other mineral oris 
10 can be used. 

Formulations suitablefor intranasal administration, where the carrier is a liquid, 
include, for example, nasal spray, nasal drops, or by aerosol admrmstrahon by 
nebuliser, include aqueous or oily solutions of the compound (prodrug). 



Formulations suitable for intranasal administration, where the carrier is a so.,d, 
include, for example, those presented as a coarse powder having a particle srze 
for example, in the range of about 20 to about 500 microns which .s adm.mstered 
in the manner in which snuff is taken, i.e., by rapid inhalation through the nasal 
20 passage from a container of the powder held close up to the nose. 

Formulations suitable for pulmonary administration (e.g., by inhalation or 
insufflation therapy) include those presented as an aerosol spray from a 
pressurised pack, with the use of a suitable propellant, such as 
25 dichlorodifluoromethane, trichlorofiuoromethane, dichoro-tetrafluoroethane, 
carbon dioxide, or other suitable gases. 

Formulations suitable for ocular administration include eye drops wherein the 
compound (prodrug) is dissolved or suspended in a suitable canier, especally an 
30 aqueous solvent for the compound (prodrug). 

Formulations suitabla for rectal administration may be presented as a suppository 
with a suitable base comprising, for example, natural or hardened oils, waxes, 
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fats, semi-liquid or Hqu.d polyols, for example, cocoa butter or a salicylate; or as a 
solution or suspension for treatment by enema. 

Formulations suitable for vaginal administration may be presented as pessaries, 
tampons, creams, gels, pastes, foams or spray formulations containing in. add-on 
to the active compound, such carriers as are known in the art to be appropnate. 

Formulations suitable for parenteral administration <e.g„ by injection), include 
aqueous or non-aqueous, isotonic, pyrogen-free, steriie iiquids (e.g., solutions, 
suspensions), in which the compound (prodrug) is dissolved, suspended or 
otherwise provided (e.g., in a liposome or other microparticulate). Such l,qu,ds 
may additional contain other pharmaceutical* acceptable ingredients, such as 
anti-oxidants, buffers, preservatives, stabilisers, bacteriostats, suspend ng agents, 
thickening agents, and solutes which render the formuiation isotonic wrth m. 
blood (or other relevant bodily fluid) of the intended recipient. Examples of 
exoipients include, for example, water, alcohols, poiyols, glycerol, vegetable o, s, 
and the like. Examples of suitable isotonic carriers for use in such formulates 
include Sodium Chloride Injection, Ringeris Solution, or Lactated Ringers 
injection. Typicaily. the concentration of the compound (prodrug) in the Uqu.dK 
from about 1 ng/ml to about 10 pg/ml, for example from about 10 ng/m. to about 
1 ug/ml. The formulations may be presented in unit-dose or multi-dose sealed 
containers, for example, ampoules and vials, and may be stored in a freeze-dned 
flyophilised) condition requiring only the addition of the sterile liquid earner, for 
example water for injec«ons, immediately prior to use. Extemporaneous .n.ect.on 
25 solutions and suspensions may be prepared from sterile powders, granuies, and 
tablets. 



10 



15 



20 



Dosage 



30 



It will be appreciated by one of skill in the art that appropriate dosages of the 
compounds (prodrugs), and compositions comprising the compounds (prodrugs) 
can vary from patient to patient. Determining the optimal dosage w,ll generally 
involve the balancing of the level of therapeutic benefit against any risk or 
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10 



deleterious side effects. The selected dosage ievel will depend on a variety of 
factors including, but not limited to, the activity of the particular compound, the 
route of administration, the time of administration, the rate of excretion of the 
compound, the duration of the treatment, other drugs, compounds, and/or 
materials used In combination, the severity of the condition, and the species, sex, 
age weight, condition, general health, and prior medical history of the patient. 
The amount of compound and route of administration will ultimately be at the 
discretion of the physician, veterinarian, or clinician, although generally the 
dosage will be selected to achieve local concentrations at the site of action which 
achieve the desired effect without causing substantial harmful or deleterious side- 
effects. 

Administration can be effected in one dose, continuously or intermittently (e.g., in 
divided doses at appropriate intervals) throughout the course of treatment. 
1 5 Methods of determining the most effective means and dosage of administrate 
are well known to those of skill in the art and will vary with the formulation used for 
therapy, the purpose of the therapy, the target cell(s) being treated, and the 
subject being treated. Single or multiple administrations can be carried out wrth 
the dose level and pattern being selected by the treating physician, veterinanan. 
20 or clinician. 

in general, a suitable dose of the compound (prodrug) is in the range of about 0.1 
to about 250 mg per kilogram body weight of the subject per day. Where the 
compound (prodrug) is a salt, a solvate, an ester, an amide, or the like, the 
25 amount administered is calculated on the basis of the parent compound and so 
the actual weight to be used is increased proportionately. 



30 



Kits 



One aspect of the invention pertains to a kit comprising (a) the compound 
(prodrug), preferably provided in a suitable container and/or with surtable 
packaging; and (b) instructions for use, for example, written instructions on how to 
administer the compound (prodrug), etc. 
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The written instructions may also include a list of indications for which the 
compound (prodrug) is a suitable treatment. 

5 EXAMPLES 

The following are examples are provided solely to illustrate the present invention 
and are not intended to limit the scope of the invention, as described herein. 

10 All starting materials, reagents and anhydrous solvents (eg. THF packed under 
N 2 ) were purchased from Aldrich, unless otherwise stated. Kieselgel 60 (0.043- 
0 060) was used in gravity columns (Art 9385 and 15111, Merck). TLC was 
performed on precoated sheets of Kieselgel 60 F 254 (Art 5735, Merck). Melting 
points were determinated on a Kofler hot-stage (Reichert Thermovar) melting 
15 point apparatus and are uncorrected. Low resolution El and FAB spectra were 
performed on a VG-2AB-SE double focusing magnetic sector mass spectrometer 
(Fisons Instruments, Warrington, Manchester, UK), operating at a resolution of 
1000. High resolution accurate mass spectra were determined on the same 
system, but with a resolution set to 8,000-10,000. Masses are measured by peak 
20 matching the unknown with a mass of known composition. Reported spectra are 
by FAB unless otherwise stated. NMR spectra were determined in Me 2 SO-d 6 on 
a Brucker AC250 spectrometer (250 MHz) at 30°C (303 K) unless otherwise 
stated. IR spectra (film) were recorded on a Perkin Elmer 1720X FT-IR 
spectrometer. Elemental analysis were determined by Butterworth Laboratories 
25 Ltd. (Teddington, Middlesex, UK) and are within 0.4% of theory except when 
stated. The chemical stability of the prodrugs and their propensity to behave as 
substrates for CPG2 were determined by HPLC. 
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Example 1 

4-nitro-tbis(2'-hydroxyethyl)]-aniline(X-3a) 



^OH 
-OH 



10 



4-NrtrofIuorobenzene (16.5 g. 11.7 mmol) was mixed with diethanoiamine (35 mL) 
and the mixture was heated at 13CTC and stirred for 16 h. The reaction mixture 
was cooled to 60°C, then poured into a beaker containing NaOH (6 g) ,n water (1 
L) The yeliow precipitate was recovered by filtration and dried in dessicator for 
24* over P 2 O s , to afford the title compound (22 g, 83%) as a yellow sol.d. 

1 H-NMR 5 H (ppm) 3.52-3.64 (m, 8H, N(CH 2 ,CH 2 ) 2 OH), 4.82 (t, 2H, OH, J=5.29 
Hz), 6.82 (d, 2H, H arom2+6 . J=9-58 Hz), 8.01 (d, 2H, H arom3+5 )- 

Example 2 

4-Nitro-bis[2'-(ferf-butyldimethylsilyloxy)ethyl]-aniline(X-4a) 




15 



20 



4-Nitro-[bis(2'-hydroxyethyl)]-aniline (X-3a) (5.0 g, 22.1 mmol) and ferf- 
butyldimethylsilyl chloride (7.5 g, 50 mmol) were dissolved in 20 mL DMF; 
imidazole (4.76 g, 70 mmol) was added, and the solution stirred at room 
temperature for 20 h. The solution was then concentrated and purified by column 
chromatography (cyc.ohexane:AcOEt 1:1) to afford the title compound (8.9 g, 
89%) as an yellow oil. 

<H-NMR 5 H (ppm): -0.03 (s, 12H. ShCH 3 ), 0.8! (s, 18H, SM-Bu), 3.64 (t, 4H, 
NCH 2 J=5.19 Hz), 3.78 (t, 4H, CH 2 OSi), 6.83 (d. 2H, H arom2 «, J= 9-37 Hz), 8.00 
26 (d. 2H, W MS nVz: 456 (M' + 1, 88), 477 <M* + 23, 6), 439 (M*-Me, 63, 397 

m u mo qi ^ calcd 455.2761 , found 455.2767. Anal. 
(M -f-Bu, 30); acc. mass: (C^H^Njt^&y caica. wj^< . 

(C 22 H 43 N 2 0 4 Si 2 )C,H,N. 
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Example 3 

2-nitro-[bls(2'-hydroxyethyl)]-aniline(X-3b) 

N0 2 

2-Nitrofluorobenzene (16.5 g, 11.7 mmol) was mixed with diethanolamihe (35 mL) 
5 and the mixture was heated at 130°C and stirred for 16 h. The reaction mixture 
was cooled to 60°C, then poured into a beaker containing NaOH (6 g) in water (1 
L) The yellow precipitate was recovered by filtration and dried in dessicator for 
24 h over P 2 0 5 , to afford the title compound as a yellow solid. After purification on 
column (Kiselgel 60, 0.040-0.063, eluent: AcOEt) a yield of 61% (16.66 g) was 
10 obtained. 

'H-NMR B h (ppm): 3.20 (t, 4H, -NHCH 2 ), 3X6 (t, 4H, CH 2 OH), 4.54 (s, 2H, OH), 
6.64 (t, 1H, H arom4(6) ), 7.39 (d, 1H, H amm ^. 7.49 (t, 1H, H ar0m5(4) ), 7.68 (d, 1H, 

H ar om6(3))- 



15 



Example 4 

2-Nitro-bis[2 , -(ferf-butyldimethylsilyloxy)ethyl3-aniline (X-4b) 

Me 

N0 2 si^tBu 
/==< -O Me 



Me 
Si-tBu 
s Me 



The title compound was prepared using 2-nitro-lbis(2'-hydroxyethyl)]-anir.ne (X- 
20 3b) in a method analogous to that described in the previous Example. The 

product was purified by column chromatography (eluent: cyclohexane:AcOEt 3:1) 
and obtained as a yellow oil (95%). 

1 H-NMR 5 H (ppm): -0.03 (s, 12H, Si-CH 3 ), 0.80 (s, 18H, Si-f-Bu). 3.27 (t, 4H, 
25 NCH 2 , J=5.87 Hz), 3.65 (t, 4H, CH 2 OSi), 6.98 (dt, 1H, H 5 , J= 7.58 Hz), 7.37 

(dd,1H, H 3 , J=8.43 Hz), 7.48 (dt,1H, H 4 , J=7.80 Hz), 7.67 (dd, 1H, H 6| J=8.05 Hz); 
MS m/z: 455 (M + +1. 32), 397 (M + -f-Bu, 8), 309 (M*-SiTBDM, 100); acc. mass: 
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(C 22 H4 3 N20 4 Si 2 ) calcd. 455.2761 , found 455.2745. Anal. (C 22 H 43 N 4 0 4 Si 2 ) C, H; N 
required 6.17, found 6.94%. 

. Example 5 

5 4_Amino-bis[2'-(ferf-butyldimethylsilyloxy)ethyl]-aniline(X-5a) 

Me 
Si^-tBu 

N ' ^Si-tBu 

'Me 

4-Nitro-bis[2'-(ferf-butyldimethylsilyloxy)ethyll-anir.ne (X-4a) (5.50 g, 12.1 mmol) 
was dissolved in 90 mL THF, 1.5 g Pd/C 10% was added, and the suspension 
10 was stirred under H 2 atmosphere for 6 h. The catalyst was then filtered off, the 
solvent evaporated and the residue purified by column chromatography 
(cyclohexane:AcOEt 3:1) to yield the title compound (4.90 g, 95%) as an oil. 

1 H-NMR 5 H (ppm): 0.00 (s, 12H, Si-CH 3 ), 0.85 (s, 18H, Si-f-Bu), 3.30 (t, 4H, NCH 2 , 
15 J=6.20 Hz), 3.63 (t, 4H, CH 2 OSi-), 4.34 (s, 2H, NH 2 ), 6.46 (s, 4H, H arom ); MS m/z: 
424 (M + , 70); acc. mass: (C^N^Sy calcd. 424.2941 , found 424.2950. Anal. 
(C 22 H 44 N 2 0 2 Si 2 ): H, N; C required 62.21, found 62.63%. 



20 



Example 6 

2-Amino-bis[2'-((erf-butyldimethylsilyloxy)ethyl]-aniline(X-5b) 

Me 

/> H 2 Si(-tBu 
/=< / — Me 

^ ^Si-tBu 

Me 

The title compound was prepared using 2-nitro-bis[2'-(ferf-butyldimethyl 
silyloxy)ethyll-aniline (X-4b) in a method analogous to that described in the 
previous Example. The product was purified by column chromatography (eluent: 
25 cyclohexane:AcOEt 3:1) and obtained as an oil (4.60 g, 99%). 
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1 H NMR5 (PpmV 0.04 (s, 12H. SU*^. 0.85 (s, 18H, SW-Bu). 3.02 (t, 4H, NCH 2 , 
« «H UoSi), 6.40 » 1H, Ha. ,=7,1 H Z ), 6.63 ( d o. 1H. H, 

425 (M ++ 1. 28), 367 (M + - f -Bu + 1, 15) ; acc. mass: (C 22 H46N 2 0 2 S, 2 ) oa,cd. 
5 425.3020, found 425.3034. 

Example 7 

4-^Benzy-oxycarbony^ 

aniline (X-6a) 

Me 
Si^-tBu 

/=\ , O' Me 

Ph-x /"'V 0 Me 

O % Me 
. Amin0 m N . bis[( 2Htert-b U tyldimethylsilyl-o)cy) e thyl]-aniline (X-5a) (3.74 g 8.8 

16h.Thesolvemw h ... -_ te r1) t0 affo rd the title compound 
chromatography (cyclohexane : ethyl acetate 1.1) 

(4:65 g, 95%) as an oil. 
W 5 H (PP.. -0-01 <s. «. ««. 0.84 (s, W S^, M1» 4H NCH 2 , 

ilo , ceq /m + 35> 423 (M*-PhCH 2 -C0 2 , 25); acc. mass: (C30H50N2O4SI2) 
found 4.60%. 



10 



15 
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Example 8 

4-(NM3enzyloxy^ 

oxy)ethyl]-aniIine (X-7a) 

Me 
Si^-tBu 

Me \ /=\ / -° Me 

O-^K \ ' ^^Si-tBu 

O Me 

aniline (X-6a) (5.2 g, 9.3 mmol) was dissolved in dry THF (60 mL) and NaH (60 /. 
in mineral oil. 0.6 g. 15 mmo.) were added. After 40 min stirring at room 
temperature under argon, methyl iodide (586 uU, 9.3 mmol) was added and he 
stirring continued for 12 h. The solvent was evaporated, the residue red,ssolved .n 
ethyl acetate (100 mL) and extracted with distilled water (100 mL). The organ.c 
layer was dried and evaporated to afford the title compound (5.34 g, 100%) as an 
oil. 

VNMR o h (ppm): 0.00 (s, 12H, Si-CH 3 ), 0.88 (s, 18H, Si-f-Bu), 3.21 (s, 3H, N- 
CH 3 ), 3.45 (t, 4H, NCH 2 , J=6.47 Hz), 3.71 (t. 4H, CH 2 OSi), 5.10 (s, 2H, PhCH 2 ), 
6.60 (d, 2H, rWe, ».0B Hz), 6.99 (d, 2H. H^. ^ J* 
5H, H_ ^). MS m/z: 572 (M*. 50), 595 (M*+Na, 7), 437 (M -PhCH 2 -CO, 45), 
acc. mass: (C 3 ,H 52 N 2 0 4 Si 2 ) calcd. 572.3466, found 572.3485. 

20 Examptel 
4-Methyiamino-N,N-bis[^^ 

Me 



10 



15 



Me, /==\ / O Me 



•s(-tBu 



Me 



25 



4.(N--Benzyloxvca*onyl-N^^ 

oxy)ethyll-aniline (X-7a) (2.9 g, 5.06 mmo.) was dissolved in ethyl acetate (120 
mL) and Pd/C 10% catalyst (1.6 g) added. The suspension was stirred under H 2 
atmosphere for 3 h. The catalyst was filtered off and the filtrate was evaporated to 
afford the title compound (2.23 g, 100%) as an oil. 
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VNMR5 H (ppm): -a01 (s, 12H, SiCH 3 ). 0.84 (s, 18H, SI-f-Bu), 2.58 (s, 3H. N- 
CH 3 ), 3.22-3.32 (t, 4H, NCH 2 ), 3.63 (t, 4H, CH 2 OSi, J=6.19 Hz), 4.87 (s. 1H NH) 
5 10 (s, 2H, PhCHa), 6.43 (d, 2H,.H a ^ 6 , J=8.92 Hz). 6.65 (d, 2H, H arem2 -e), 7.20- 
7.35 (m. 5H, H„ m ^). MS m/z: 438 (M*, 100), 451 (M*+Na, 25); acc. mass: . 
(C 23 H«N 2 0 2 Si 2 ) calcd. 438.3098, found 438.311500. Anal. (C^N.O.S*) C, H; 
N required 6.38, found 5.88. 



10 



15 



Fxample 10 
Diallyl L-glutamyl isocyanate (X-16) 




20 



To diallyl L-glutamate p-toluene sulfonate (the TsOH salt of diallyl L-glutamate) 
(1 08g 2.7mmol, NovaBiochem) and triphosgene (0.30 g, 1 .03 mmol) in 20mL 
toluene, stirred at -78X, trietylamine (0.86 mL, 6.2 mmol) was added. After 
30 min the reaction mixture was allowed to reach room temperature and was 
used without further purification. A typical IR spectrum was obtained v=2253 
cm" 1 (NCO, v. intense). 

Fvample 1 1 

Diallyl N4(4-{hydroxymethyl}phenyl)carbamoyn-L-glutamate (X-18) 




To a solution of diallyl glutamyl isocyanate (X-16) (25.0 mmol) in 100 mL of THF 
were added 4-aminobenzyl alcohol (X-9) (3.0 g, 24.3 mmol, Lancaster) and 
triethylamine (3.41 mL, 24.3 mmol) in 20 mL of THF, dropwise, over 10 min, at 
25 room temperature. The reaction was complete within 1 5 min. Tne reaction mucture 
was filtered and evaporated to dryness; the residue was dissolved in 20 mL of 
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EtOAc, washed with water (2 x 20 mL), and dried (MgS0 4 ), before evaporating 
again. A yellow oil resulted (10.25 g); 2.7 g of the obtained product was submitted 
to purification by preparative HPLC (CH 2 CI 2 :EtOAc, 1:1) which yielded 1.52 g 
(63%) of pure title compound. 



Vmaxcm" 1 (film) 8354 (NH-, OH, broad), 1737 (C=0, ester), 1659 (C=0, urea); 1 H 
NMR 5 H 1.85-1.93 (m, 1H, CH 2 CH(NH)-), 2.00-2.05 (m, 1H, -CH 2 CH(NH)-), 2.46 
(t, 2H, CH 2 C0 2 , J = 5.4 Hz), 4.26-4.35 (m, 1H, -CH(NH)- ), 4.40 (d, 2H, CH 2 -Ph, J 
= 5.6 Hz), 4.55 (d, 2H, CH 2 0-allyl, J = 5.3 Hz), 4.61 (d, 2H, CH 2 0-allyl), 4.98 (t, 
10 1H, OH), 5.17-5.37 (m, 4H, CH 2 =allyl), 5.85-5.94 (m, 2H, CH=allyl), 6.56 (d, 1H, 
NH-G, J = 8.0 Hz), 7.17 (d, 2H, H 2+6 , J = 8.5 Hz), 7.32 (d, 2H, H 3+5 ), 8.52 (s, 1H, 
NH -Ph); MB mlz 399 (M + + 23, 35), 377 (M + + 1 , 100), 359 (M + - H20, 34). Anal. 
(C 19 H 24 N 2 0 6 ) C, H, N. 

15 Example 12 

Diallyl N- (4-{[4-nitrophenoxycarbonyloxy]methyl}phenyl-carbamoyl)-L-glutamate 

(X-19) 



To a stirred solution of (X-18) (0.190 g, 0.50 mmol) in dry THF (10 mL) were 
20 added 4-nitrophenyl chloroformate (0.1 1 g, 0.5 mmol) and triethylamine (0.1 mL, 
0.6 mmol) at room temperature. The reaction was complete after 1 h. The formed 
precipitate was filtered and the solution concentrated under vacuum. AcOEt (10 
mL) was added; the solution was washed with brine (2 x 10 mL), dried (MgS0 4 ), 
and evaporated again, giving an oil which was purified by preparative HPLC to 
25 yield the title compound as a solid (0.1 32 g, 48.6%). 

Mp 106-7°C; v max cm' 1 (film) 3356 (NH 2 ), 2933 (CH 2 ), 1766 (C=0, carbonate), 
1738 (OO, ester), 1660 (C=0, amide), 1525, 1346 (N0 2 ). 1 H NMR 5 H 1.86-1.95 



5 
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(m , 1H, CH 2 CH( N H)-), 2.00-2.05 (n, 1H. ««N^^ CW OHj^^- 
5 4 Hz) 4.28^.33 (m, 1H, -CH(NH>- ), 4.55 (d. 2H. CH 2 0-allyl, J - 5.3 Hz) 4.61 

d 2H CH 2 0-aM), 5.17-5.37 <H, 5.22 ft * 

in. 2H, CH=a»yi), 6.65 (d, 1H, NH-G, J = 8.3 Hz), 7.34 » £ 

7 43 (d 2H Hm) 7.56 (d, 2H, H 3 ,„ J=9.1 Hz). 8.31 (d. 2H, IW). 8.71 (S. 1H, 

NH -Ph)(G=gliis moiety; Ph=phenyi); Mass «WhN*M ca,cd, 564,594; 

found, 564.1 590. Anal. (C26H27N3O10) H, N, C. 

Example 13 

' carbamoyl-oxymethyD-phenyl-carbamoyl-L-glutamate (X-20a) 



Me * 



Di all yl N-(4-(r4-nitropheno,^^ 

(X-19) (2.1 g, 3.9 mmol) and 4-Methylamino-N,N-bisK2'-(tert- 
„ butyidimethyisiiy^^^ 

and the residua punned by co.umn chromatography (CH 2 C. 2 :AcOEt 9:1) to y,e,d 
the title compound (0.92 g, 28%) as an oil. 

* W 5 H (ppm): 0.01 (s, 12H. Si-CH,. 0.83 (s. 18H. SM-Bu), 

2H CH 2 CH(NH)-), 2.44 (t, 2H, CH 2 C0 2 , J=8.25 Hz), 3.11 (s, 3H, N-CH,), 3.46 (t, 
4H NCH 2 J=5.58 Hz), 3.69 (t, 4H, CH 2 OSi-). 4.25-4.35 (m. 1H, CH(NH)CH 2 ), 
4 53 (d, 2H. CH 2 D ailyi. J-5.45 Hz), 4.59 (d, 2H, CH 2 Q aiiyl. J=5.38 Hz), 4.94 (s, 
2H PhCH 2 ), 5.14-5.38 (m, 4H, CH 2 = aliyl). 5.80-6.00 (m, 2H. CH= aliyi), 6.60 (d, 
25 3H, H arom3 ^ NH-G, J=8.70 Hz). 6.99 (d, 2H. H >rom2 „). 7.15 (d, 2H, H^). 

7.32 (d, 2H, .W J=8.20 Hz), 8.60 (s, 1H, PhNH); US m/z: 841 (M* + 1. 5). 864 
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(M + +Na 3) 437 (M + -L1ACH 2 OCO, 100); acc. mass: (C 43 H 69 N 4 0 9 Si 2 )caicd. 
841.4603, found 841.4630. Anal. (C 43 H 68 N 4 0 9 Si 2 ): C, H; N required 6.66, found 



6.22. 



Example 14 

Diallyl,4-{N-[^ 

oxymethyl}-phenyl-carbamoyl-L-glutamate (X-21a) 

Me 



^OH 
-OH 



X£X; 

Diallyl 4-{N-l4'-bis(2".fart-b U tyldimethylsUyloxy e thyO amino-phenyl)-N-methyl- 
carbamoyl-oxymathyD-pheny^rbamoy^utamate (X-20a) (0.85 g, 1.0 > mmo.) 
was dissolved in 25 mL THF, 2.5 mL triethylamine trihydrofluoride wera added 
and the solution s«rred at room temperature for 7 h. The solvent was evaporated, 
, he residue was diluted with AoOEt and extracted with H 2 0 (100 mL), saturated 
aqueous NaHCO, (200mL), again with H 2 0 (100 mL), dried (MgSO,) and 
evaporated to yield the title compound (0.58 g, 93.6%) as a gum. 

'H-NMR o h (ppm): 1.75-2.15 (2m, 2H, CH 2 CH(NH)-). 2.44 (t, 2H, CH 2 CO, J=8.54 
Hz) 3 12 (s, 3H, N-CH 3 ), 3.38 (t, 4H, NCH 2 , J=5.50 Hz), 3.50 (t, 4H. CH 2 OH), 

4 25-4 35 (m. 1H, CH(NH)CH 2 ), 4.53 (d, 2H, CH 2 D allyl, J=5.31 Hz), 4.59 (d, 2H, 
20 CH 2 D allyl, J-5.28 Hz), 4.71 (t, 2H, OH, J=5.45 Hz), 4.94 (s, 2H, PhCH,), 5.15- 

5 38 (m 4H. CH 2 = allyl), 5.85-6.00 (m, 2H, CH= allyl), 6.61 (d, 3H, H arorn3W +NH- 
G, J=8.90 Hz), 6.99 (d, 2H, H^.). 7.17 (d, 4H, H sremM ), 7.33 (d, 2H, H aromW6 , 
j=8 09 Hz), 8.62 (s, 1H, PhNH); WIS, m/z: 613 (M++1, 45); acc. mass: 
(C 31 H 41 N 4 0 9 ) calcd. 613.2874, found 613.2853. Anal. (C 31 H 40 N 4 O 9 ): C, H, N. 

25 



10 



15 
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10 



Fxam ple 15 

Dl allyl,4-<NW^^ 

oxymethyl}-phenyl-carbamoyl-L-glutamate(X-22a) 



HN 



o Q J^ 0 ^ aiiyi 



^-0-S0 2 Me 
~~0-S0 2 Me 




Over a solution of diailyl. WW-Welhy.) «nlno 1 -«MlrH^ 

mmol), 4-N-dimethylaminopyridine (25 mg, 0.2 mmol) and NEt, (420 pL. 3.0 
mmol) ^ CH 2 C, 2 (10 mL), mesy. anhydride (0.487 g. 2.8 mmo.) disso.ved -n 
CH CI (15 mL) was added. After stirring at room temperature for 2.5 h, the 

mL) aq NaHC0 3 (50 mL), distilled water (50 mL), dried over MgS0 4 and 
evaporated to afford the title compound (0.73 g, 100%) as a gum. 

VNMR 5 H (ppm): 1.85-2.20 (2m, 2H, CH 2 CH(NH)-), 2.44 (t, 2H, CH 2 C0 2 , J=7.77 
15 Hz), 3.14 (s, OH, CH3SO3, N-CH3), 3.71 (L 4H, NCH 2 ), 4.20 (t, 5H, 

CH OMes + CH(NH)CH, ,=4.05 Hz), 4.54 (d, 2H, CH 2 C a,,!, ,=5.40 Hz), 4. 0 (d, 
2H CH 2 Q a..*, ,=5.30 Hz), 4.06 (s, 2H, PhCH 2 ), 5.15-5.37 (m, 4H, CH 2 = a.lyl), 
5.80-6.00 (m, 2H. CH= aliyl). 6.61 (d, 1H. NH-G. 3=7.08 Hz), 6.75 (d. 2H 
H , J=0.00 Hz), 7.08 (d, 2H, H arom2 , 6 .>. 7.18 (d, 2H, H.^. 7.33 (d, 2H, 

n arom3'+5'' v ' 

20 H w J=8.24 Hz), 8.61 (s, 1H. PhNH). MS m/z: 768 (M+ + 1. 4); aoo. mass: 
(C^ko, 3 S 2 )oa l cd.760.2425,found76 9 .2456.Anal.(C 33 H 44 N 4 O 13 S 2 ):C,H, 

N, S. 
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Fxample 16 

Dial |y|.4Wbi^^ 

phenyl-carbamoyl-L-glutamate(X-23a-l) 



10 




Y i 
O 



A so.ution of diallyl. 4 Wbis(2"-mesy.o»<yethyl)am i no- P henyn-N-me*yl- 

and Nal (0 75 g, 5.0 mmol) in 25 mL acetone was stirred at reflux for 4 hrs. The 

vent was evaporated, the residue retaKen in 30 m L AcOEt and washed w,th 20 
mL H 2 0, dried ( M gS0 4 ) and evaporated. The residue was purified by coiumn 
chromatography (cyciohexane: AcOEt 1:1) to afford the tttie compound (0.165 g, 
60%), as a solid, mp 138-140°C. 

-H-NMR 5 H (ppm): 1.80-2.15 (2m, 2H, CH 2 CH(NH)-), 2.44 ft 2H, CH 2 C0 2 ). 3.13 
(s 3H N-CH 3 ), 3.25-3.35 (t, 4H, NCHJ, 3.70 (t, 4H, CH 2 ., J=6.17 Hz), 4.25-4.40 
m, 1H, CH (N H)CH 2 ), 4.54 (d, 2H, CH 2 0 aKyl. 0=6.27 Hz). 4.60 (d, 2H, CH O aiiyi, 
U.42 Hz), 4.95 (s, 2H, PhCH 2 ), 5,0-5.37 (m, 4H, CH 2 = aiiyl), 5.60-6.00 (m , 2H, 
CH= aM), 6.62 (d, 3H, H 8r0m ,., + NH-G, J=8.67 Hz), 7.09 (d, 2H, H_ 2 , 6 .). 7. 8 
(d, 2H, H._), 7.33 ,d, 2H, H._, .=7.72 Hz), 8.61 (s, 1H, PhNH). MS nVz: 
833 (M+ + 1 7) 855 (M + +Na, 14); acc. mass: (C 31 H M N 4 0 7 l 2 Na) caicd. 855.0728, 
0 found 855.0755. Ana!. (C^IVW* »' " C ^ *** ^ 
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Fv am ple 17 

oxymethyl}-phenyl-c a rbamoyl-L-gl U tam a te(X-23a.Br) 



Fv am ple 17 
3thyll 
arbai 
Me 

,allyl ally* 



, To a THF so,u«on (25 m L) of dia,*., 

0.34 mmol), LiBr (0.44 g.o.um extracted with 

solvent was evaporated, the residue retaken ln CH 2 CI 2 (25 mL), 
HO(25mU) theorganioiayerdried^andevaporatedtodryness. 

tme compound (0.16 g. 64*) was obtained as a sohd, m P 104-107 C. 

1H PhNH). MS m/z: 738 (M + , 5), 761 (M + +Na, 15); acc. mass: V^HJifij** 
20 caicd. 759.1005. found 759.1021. Ana.. (C 31 H M N 4 0 7 Bra): C H, N. 
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Examole 18 

Diallyl, 4-{N-[4'-bis(2»-chloroethyl) arnino-phenyl]-N-methyl-carbamoyl-oxymethyl}- 
phenyl-carbamoyl-L-glutamate (X-23a-CI) 
iyie 





? 

^ Q ^allyl allyl 



5 Diallyl 4-{N-l4'-bis(2"-mesyloxyethyl)amino-phenyll-N-methyl-carbamoyl- 
oxymethyD-pheny^rbamoyl-L-glutamate (X-22a) (0.245 g, 0.32 mmol) was 
dissolved in DMA (25 mL). Lithium chloride (0.21 g, 5 mmol) was added to the 
reaction mixture and it was stirred for 24 h at room temperature. The solvent was 
evaporated, the residue taken in AcOEt (50 mL) and extracted with distilled water 
10 (2X50 mL). The organic layer was separated, dried (MgSO,) and evaporated. The 
residue was purified by column chromatography (eluent AcOB : cyclohexane 1:1) 
to afford the title compound (0.105 g, 51%) as a gum. 

VnMR 6 H (ppm): 1.80-2.20 (2m, 2H. CH 2 CH(NH)-), 2.44 (t, 2H, CH 2 C0 2 , J=8.26 
15 Hz) 3 13 (s, 3H, N-CH 3 ), 3.70 (s, 8H, N(CH 2 CH 2 CI) 2 ), 4.25-4.40 (m, 1H. 

Ch|nH)CH 2 ), 4.54 (d, 2H. CH 2 0 allyl. J=5.44 H Z ), 4.59 (d, 2H, CH 2 0 allyl, J=5.35 
Hz) 4.95 (s, 2H, PhCH 2 ). 5.10-5.35 (m, 4H, CH 2 = allyl), 5.80-6.00 (m, 2H, CH= 
allyl) 6 61 (d, 1H, NH-G, J=8.35 Hz), 6.70 (d, 2H, H arom3 .«, J=8.86 Hz). 7.08 (d, 
2H, ™ (* 2H, H !rom2 «), 7.33 (d, 2H, H arom3ts , J=8.56 Hz), 8.61 (s, 1H, 

20 PhNH). MS m/z: 671 (M + +Na, 20); acc. mass: (C 31 H M N 4 0 7 CI 2 Na) calcd. 
671.2015, found 671.2037. Anal. (C 3 ,H 38 N 4 0 7 Cl 2 ): C, H, N CI. 
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Fvample19 




Fvam pieis 
carbamoyl-L-glutamic acid (X-24a-l) (P-D 

6 cAoH 

58 „L 0 70 mmoi) was added in one portion. After 30 min stirnng, the soiuUon 
H ,ld Ih AoOEt The pyridine saK of the deprotected carboxyhc acd 

The predate ieft in the flask after discarding the soivent was wa hed t*.e wrth 
rrBld.dissofvedinornLmethanoiande.utedthroughaco.unnn.oaded 

n5 evaporation the eiute yield the tifle compound as a soi,d (0.105 g, 77.8 /.). mp 
103-105°C. 

WMPPn^^^ 

li \ , 14 (s 3H N-CH 3 ), 3.30 (t, 4H, NCH 2 ), 3.72 (t, 4H, CH 2 1, J-7.64 Hz), 4.10 

6.64 (d, 2H. fW. 0=8.85 Hz), 7,0 (d, 2H, H ira ^). 7.17 (d, 2H H 
>7.49 HZ), 7.34 (d, 2H, H_). 8.68 (s. 1H, PhNH). US m/z: 752 <M ++ 1 10, 
775 (M^Ha, 35), aoc. mass: (C^^Na) caiod. 775.0102. found 775.0088. 
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Example 20 

^W'-bromoethyOam^ 

carbamoyl-L-glutamic acid (X-24a-Br) (P-2) 

T 



HN- 




0 O-^OH 



. The titie compound was prepared from 
phenyil-N-methyi-camamoyi-ox^^ 

Br) by a method ana.ogo US to that described in the previous Exampie (0.10 g. 
80%), mp 75-77°C. 

10 1 H-NMR 6 H (ppm): 1.80-1.95 (m, 2H, CH 2 CH(NH)-). 2.28 (t. 2H, CH 2 CD 2 , ,=7.33 
Hz) 3 14 (s, 3H, N-CH 3) , 3.71 (s, 8H, N(CH 2 CH 2 CI) 2 ), 4.10-4.20 (m, 1H, 
«, 4.95 (s, 2H. PhCH 2 ), 6.43 (d, 1H, NH-G, ..=7,7 Hz, 6.68 (d. 2H, 
H . , J=8.74 Hz), 7.09 (d. 2H, H arom2 . w ), 7.18 (d, 2H, H ar0m2 «). 7.34 (d, 2H, 
J"" * J=8 45 Hz), 8.74 (s, 1H, PhNH). MS m/r. 658 <M*. 8), 681 (M + +Na, 15); 

n arom3+5» , n o Qft 

15 acc. mass: (C^H^Br.Na) calcd. 679.0379, found 679.0386. 

Fyample 21 
carbamoyl-L-glutamic acid (X-24a-Cl) (P-3) 




20 
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pnenyl-N-methyl-ca^ 

C.) by a method analogous to that described in the prevous Exampie (0.075 g, 
90%), mp 70-72°C 

5 1 H NMR 5 (PPmV 1-75-2.00 (2m, 2H, CH 2 CH(NH)-), 2.27 (t, 2H, CH 2 C0 2 ), 3.14 
H-NMR 5 H (ppm) . I C H(NH)CH 2 ), 4.95 

(s, 3H, N-CH 3 ), 3.71 (s, 8H, N(CH 2 CH 2 Cl) 2 ), 4.1U K 
(s 2H PhCH 2 ), 6.49 (d. 1H, NH-G). 6.70 (d, 2H, H arom , +5 , >8*> Hz), 7.09 (d 

10 PhNH). MS m/z: 568 (M+ 25), 591 (M + +Na, 100); acc. mass: (C^O^Na) 
calcd. 591.1389, found 591.1371. 



Rinlnq ical Data 
15 r-ytntnYirity Assays 
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Prodrugs of the invention (P), comparison prodrugs (CP), and some of the 
corresponding drugs (D) were tested for cytotoxicity in WiDr ceiis (a coion 

control the non-prodrug activating enzyme p-galactasidase (P-gal). The 

performed as previousiy described for other ce,i lines (see Marais etal, 1997. 
Niculescu-Duvaz et al., 1998b). 

Cells (2X10°) were seeded into 6-we.i plates, producing confluent monolayers in 
4 hTcompounds were dissolved in DMSO at 10 mM (CP* CP-4 CP-9, 
CP^) 2 ol(D.1, M ,D4, M ), or50mM(al,others),immed,ate,ypnorto 
treatment diluted in culture medium, and added to the wells. A sim.lar 

, he cells were incubate, for an additional 2 0 hrs. The cells were —d -d de- 
seeded in quadruplicate in 96-well plates a, -2x10»/wel. and .ncubated unbl the 
I^owelaohi ved confluence. The plates were thenfoced and sta,nedw,th 
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suHorho da mi ne-B,the extinction at 590 ™ was f^^X^ 
expressed as percentage of centre, grovvth as a funct,on of The iC. 
was determined by non-linear regression to a log dose-effect s,gmorf, 
1« the — to he positive (using GraphPad Prism., GraphPad 
Software Inc., San Diego, CA, USA). 

Porcomparisonpurposes, the prodrug 

mesyloxyethyl)aminolbenzoyl}-L^lutamic acd prodrug (CMDA, see oe,o , 
has undergone clinical trials in ADEPT (see Martin et al., 1997; Napier 
I 2000), was also tested. 




cell line. 

Tneresultsaresummarisedint h e fo .lowing*ables,whereinthepredrugsand 
drugs have the following formulae: 
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Cytol 


Table 1 
oxicitv Data (Pre 


rimas) r - 


Degree of 


Cmpd. 


Z 


o/p r~ 




X' 




LacZ s 


tCPG2(Q) 
3 


activation 
(fold) 
32.3 


CMDA 


n/a 


sara 


H j 


CI 


CI 


3230 [±120] 


100 [±10] 


49.7 


CP-1 


NH < 


Drtho 


H 


I 


I 


149.0 
(80.7-275.0) _ 


3.0 
(2.1-4.4) 


101.6 


CP-2 


NH, I 


para 


H 


I 


I 


179.8 
(71.7-449.4) 


1.8 

(1.0-3.2) _ 


24.9 


CP-3 


NH 


ortho 




Br 


Br 


117.7 
(83.8-165.2) 


4.7 

(7.8-27.8) _ 


66.6 


CP-4 


NH 


para 




Br 


Br 


204.6 
(108.6-384.6) _ 


3.1 
(1.8-5.3) 


4.7 


CP-5 


NH 


ortho 




CI 


CI 


21.1 
(12.0-36.9) 


4.5 
(2.9-7.1) 




CP-6 


NH 


para 




CI 


CI 






5.2 


CP-7 


O 


ortho I 


H 


OMe 
s 


OMe 
s 


208.2 
(86.4-500.7) 


40.0 
(22.7-70.3) 


3.9 


CP-8 


O 


ortho 




I 


I 


. 73.3 
(45.3-119.8) 


19 -° . 
(11.7-30.9) 


42.5 


CP-9 


O 


para 




I 


I 


53.6 
f36.9-78.0) 


1.3 
(0.8-2.0) 


1.9 


CP-10 


0 


ortho 




Br 


Br 


183.4 
(83.8-400.4) 


95.2 
(57.1-159) 


38.3 


CP-11 


O 


para 




Br 


Br 


99.7 
(19.1-520.6) 


2.6 
(1.2-6.0) 




CP-12 


O 


ortho 


H 


CI 


CI 


38.1 
(19.1-76) _ 


28.1 
( 11. 1-43.6) 




CP-13 


O 


para 




CI 


CI 






H 

5.2 


CP-1 4 


O 


ortho 




OMe 
s 


CI 


148.4 
(65.1-338.2) 


28.5 
(17.5-47.5) 


8.3 


CP-1 5 


0 


para 


Me 


I 


I 


21.5 
(16.2-28.4) 


2.6 
(1.7-4.1) 


7.5 


CP-16 


0 


para 


Me 


Br 


Br 


27.2 
(14.1-52.5) 


3.6 
(2.2-6.0) 


11.5 . 


CP-17 


0 


para 


Me 


CI 


CI 


19.6 
(15.0-25.7) 


1.7 
(1.1-2.5) 


124.0 


P-1 


NH 


pars 


Me 


I 


I 


184.7 
(105.4-324.4 


1.5 

^ (0.8-2.6) 


81.4 


P-2 


NH 


pan 


a Me 


Br 


Br 


332.4 
(222.6-496.2 


4.1 

) (2.5-6.7) 


15.9 


P-3 j NH 


par 


a Me 


) CI 


CI 


39.7 
(27.0-58.4) 


2.5 
(1.6-3.9) 





Note: the round ( ) bracketed vaiues indicate the 95% confidence interns. 
Note: For CMDA, the square [ 1 bracketed values represent the standard errors of 
the mean as published in Spooner et al., 2000. 
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r- lat 

Cytotoxicity 


)le2 

Data (Druqs) -j- 


Degree of 


Cmpd. 
no 


o/p I 






X' 


LacZ 


stCPG2(Q)3 


activation 
(fold) 
1.2 


D-1 


para 


H 


I 




10.2 
(4.8-18.3) 


8.6 
(4.2-14.0) 


1.3 


D-2 


orth 


H 


Br 


Br 


23.4 
(12.4-44.1) 


18.6 
(10 7-32.2) 


1.2 


D-3 


o 
para 


H 


Br 


Br 


9.4 
(5.7-18.5) 


7.7 
(5.0-14.8) 


1.5 


D-4 


orth 


H 


CI 


CI 


3.5 
(2.1-5.7) 


2.4 
(1.3-4.4) 


0.92 


D-5 


para 


Me 


I 


I 


7.7 
(4.1-14.5) 


8.4 
(4.6-15.5) 


0.97 


D-6 


I para 


Me 


Br 


Br 


7.2 
(3.6-14.4) 


7.4 
(3.5-15.5) 


1.1 


D-7 


para 


Me 


r 


CI 


9.2 
(5.7-15.1) 


8.2 
(5.3-12.5) 





10 



15 



Note: the bracketed ( ) values indicate the 95% confidence intervals. 

The differential obtained in tumor ceils transfected with CPG2 appears to be 
dependent upon an optimal chemical reactivity of the prodrugs and the 
^responding drugs. This is in good agreement wrth previous * he 
to vito and in vivo behaviour of the direct prodrugs In CPG2-based GDEPT 
systems (see Friedlos et al., 2002). The increased lipophilic^ of these prodrugs 
and drugs could also be important for their improved biological activrty. 

The inventors postulate that N-alkylation (e.g., N-methylation) of the prodrug 
resuKs in (a) improved stability of the carbamate linkage between the linker and 
the drug moiety, and (b) increased basicity, and therefore increased chem.cal 
reactivity, of the released nitrogen mustard drug. 

N-alkylation (e.g., N-methylation) has a beneficial effect on their biological activity 
despite no observed benefit to the kinetics. The prodrugs show lower chemical 
reactivity than the non-methylated counterparts, presumably due to increased 
stability of the secondary carbamate. This effect is minimal at the drug level. 



20 
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As . genera, observation, prodrugs incorporating ureas (Z=NH) are more effective 
LLe containing carbamates (Z=0). The five most effechve prodrugs. ,n 
terms of differential, are all ureas (Z=NH). 

to drugs with shorter half-lives and increased potency (IC 6 o=0.5-2.7 pM) 

The prodrugs belonging to the 0*0 series are less effective than their pa*. 
I 0 lClHowever,evenlnmeo rt nosenes,the I ar« 1 Brn 1 ^enmus^ 

"olgs are the most active and signet differentials were o^ned - the 
"Lfected WiDr cel. line (50 and 25 fold for CP-1 and CP-3 respecbvely) The 
Xt.rugshadiower^swimrespe.tothe.inKersandmeparasenes, 

which is of potential benefit in in vivo situafions. 
20 a T .°"t's Half-I *° ^termination 

The chemical half-lives of the prodrugs and some of the corresponding drugs 
were determined by HPLC or a spectrophotometry method. 



10 



15 



25 



30 



Compounds were prepared as 10 mM concentrates in MeOH D-2, «M) « in 
DMSO (all others) and diluted 100 fold in CPG2 assay buffer ,1 00 mM Tns-HCi, 
PH7 3 260 ^ZnC, 2 ;1mL)tog,e100p M solution, Allots (10 pL) were 
iniected into a Partisphere C18 column (125x4.6mm, 5pm, Whatman) 

I d-4 D-7) or a Synergi Polar RP phenyl phase column (150x4.6mm, 

££££ w^^^'TIZlZ 

alonium acetate ( P H 5.0) containing percentages of « 
gave retention times of »4 minute, The eluate was momtore^ ,« 265-275 m 
JcP9CP.11 CP-15,CP-16.CP-17)or250nm(ailothers).Theamountof 
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starting material remaining after various periods of inoubation was determined 
either by repeat injection from a single vial (CM. CP-12, CP-15, CP-17, P-1 . 
P-3), or by delayed injections from a new vial eaoh time (all others). The resutts 
were expressed as fraction of starting material as a function of time, and the half- 
5 iife determined by non-linear regression to a one-phase exponential decay, 
constraining the maximum to 1 and the minimum to 0 (GraphPad Prism®). 

Compounds D-1, D-2, D-3, D-5 and D-6 proved too labile for half-life 
determination by HPLC, and a spectrophotometry method was employed^ The 
10 change in absorbance on dilution into agueous conditions at a wave eng* 

previously determined to give the largest difference was monrtored for 3 mm at a 
sampling rate o, 1 00/min. The date were frtted to a rising or falling exponent*! by 
linear regression with no constraints (GraphPad Prism®), and the half We 
calculated as 0.60/rate constant. It was established that this method gave s.rmlar 
15 results to the more unequivocal HPLC method. 



The results are summarised in the following tables. 



WJWIBP6070429 




Table 4 
Aqueous Ha pygg (Drugs) | 
od I K 14 I a 1 X 




Dfficuities were encountered in determining the haif-iives of the onto nrtrogen 
SST*.*. 0*0 nHrogen.ustard drugs M**"™"** 
2m* microanaiysis. However 1 H-NMR (in DMSO-de) and LC-MS (,n 
Dm1« showed rapid oyciisation to the corresponding b en Z op,pend,ne 
l^L(as shown beiow), except forthehis^hioroethyOder^eM. 
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Comparisons based upon 4-amino (R N =H) versus 4-methylamino (R N =Me), and 
4-amino (para) versus 2-amino (ortho) are summarised in the following tables. 



: Table 5 

Comparison of Half-Lives: 
4-amino (R N =K) versus 4-m ethYlamino (R =Me) 



Comps. 



CP-6/P-3 



CP-4/P-2 



CP-2/P-1 



CP-13/CP-15 



CP-10/CP-14 



CP-8/CP-13 



NH 



NH 



NH 



o/p 



para 



para 



para 



para 



para 



para 



X 1 
CI 



Br 



CI 



Br 



CI 



Br 



CI 



Br 



T1/2 ratio 



0.28 



0.30 



0.25 



0.30 



0.33 



0.21 



Comps 



" Table 6 

Comparison of Half-Lives: 
4-amino (para) versus 2-amino (ortho) 

1 — 7 r rn i x 1 1 x* 



cp-6/cp-5 



cp-4/cp-3 



cp-2/cp-i 



CP-13/CP-12 



CP-11/CP-10 



CP-9/CP-8 



NH 



NH 



NH 



CI 



CI 



Br 



CI 



T1/2 ratio 



Br 



CI 



Br 



0.45 



0.28 



0.36 



0.35 



0.26 



0.47 



10 



In general, the 4-amino aniline mustard prodrugs have shorter half lives than the 
N-methylated and their 2-amino counterparts. 

The half-lives of the N-methylated prodrugs are consistently 3-4 times longer than 
the corresponding non-methylated prodrugs, irrespective of the halogen in the 
mustard moiety or the type of linker (Z=NH or Z=Q). 



15 



Similarly the ortho amino analogues have half-lives 2-3 times longer than para 
amino prodrugs. 
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10 



15 



FnT yms Kinetics 

The kinetics of activation of tha sefl-immoiative prodrugs by CPG2 was rneasured 
ITr^.oroet.vOee.es. ^ssa^wasohosaninorderto—^a 
influence of the nflrogen mustard moiety hydrolysis on the measured K.neflcs. 

Ldrua (5-50 uM in steps of 5 uM) from concentrates as above. The v,als were 

of ioss of compound in pM/min was determined by regress,on. The rate of 

iLcai-onwU.c.lcuiatedfromthefirstderivatWe^ 

STllecay, was subtracted, and the kinetic 

JL regression to the Michaeiis-Menten equation (GraphPad Pnsm®). 

The results are summarised in the following table. 
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Two analogs, (a) and (b), were included for comparison purposes. They are: 

(c) L1-OH = N-l4-(hydroxymethyl)phenyl-carbamoyl]-L-glutamatic acid. 

(d) L2-OH = N-[4-(hydroxymethyl)phenyl-oxycarbonyl]-L-glutamaticacid. 




(b) O 



OH 



O OH 



All prodrugs showed K m 's comparable with those of L1-OH (Z=NH) and L2-OH 
(Z=0) (see Nicuiescu-Duvaz et al., 1998b). This indicates a good structural fit for 
the CPG2 active site, even with the ortho derivatives. However, the k cat rema.ns 
low compared to the direct prodrugs and the linkers alone. 



10 



15 



20 



25 



The foregoing has described the principles, preferred embodiments, and modes of 
operation of the present invention. However, the invention should not be 
construed as limited to the particular embodiments discussed. Instead, the 
above-described embodiments should be regarded as illustrative rather than 
restrictive, and it should be appreciated that variations may be made in those 
embodiments by workers skilled in the art without departing from the scope of the 
present invention as defined by the appended claims. 

REFERENCES 

A number of patents and publications are cited above in order to more fully 
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CLAIMS 



1 . A compound of the formula: 




(D 



° O^OR G 



5 wherein: 

R N is independently Ci- 7 alkyl; 
X 1 is independently -I, -Br, or -CI; 
X 2 is independently -I, -Br, or -CI; 

the group -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ) is independently attached at 
1 0 the 2-position or at the 4-position; 

each R G is independently -H or an ester substituent; 
n is independently an integer from 0 to 4; 
each R p , if present, is independently a phenyl substituent; 
m is independently an integer from 0 to 4; 
15 each R M , if present, is independently a mustard substituent; 

and pharmaceutical^ acceptable salts, solvates, amides, and esters 
thereof. 



2. A compound according to claim 1 , wherein R M is independently aliphatic 
Ci. 7 alkyl. 

3. A compound according to claim 1, wherein R N is independently 
25 unsubstituted Ci-7alkyl. 



5 
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4. A compound according to claim 1 , wherein R N is independently 
unsubstituted aliphatic Ci- 7 alkyl- 

5. A compound according to claim 1 , wherein R N is independently C.alkyl. 

6 . A compound according to ciaim 1, wherein R M is independently aliphatic 
Ci^alkyl. 

7. A compound according to claim 1, wherein R N is independently 
10 unsubstituted C^alkyl- 

8. Acompoundaccordingtoclaim1 l whereinR N isisindependently 
unsubstituted aliphatic Ci^alkyl. 

15 9. Acompoundaccordin g toclaim1.whereinR«isisindependen«y-Me,-Et, 
-nPr, -iPr. -allyl, -nBu, -sBu, -iBu, or -tBu. 

10 . A compound according to claim 1, wherein R N is is independently -Me or 
-Et. 

20 11. Acompoundaccordingtoclaim1.wherein R N isisindependently-Me. 



25 12 A compound according to any one of claims 1 to 1 1 .wherein each of X 1 

a ndAindependentry.|,-Br,or-CI;andbothof^and^,arethesame. 

13. AcompoundaccordingtoanyoneofclaimaltoH.whereineachofX' 
and X 2 is independently -I or -Br. 
30 14 AcompoundaccordingtoanyoneofolaimsltoH.whereineachofX 1 
and X 2 is independently -I or -Bn and both of X' and X 2 are the same. 
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A compound according to any one of claims 1 to 1 1 , wherein each of X 1 
and X 2 is independently -I. 



16. A compound according to any one of claims 1 to 1 1 , wherein each of X 1 
5 and X 2 is independently -Br. 

17. A compound according to any one of claims 1 to 1 1 , wherein each of X 1 
and X 2 is independently -CI. 



1 8. A compound according to claim 1 , wherein 

R N is independently d^alkyl; and, 
each X is independently -CI, -Br or -I. 

15 

19. A compound according to claim 1 , wherein 

R N is independently -Et or -Me; and, 
each X is independently -CI, -Br or -I. 



20 20. A compound according to claim 1 , wherein 
R N is independently -Me; and, 
each X is independently -CI, -Br or -I. 

21 . A compound according to claim 1 , wherein 
25 R N is independently Ci^alkyl; and, 

each X is independently -Br or -I. 

22. A compound according to claim 1 , wherein 

R N is independently -Et or -Me; and, 
o 0 each X is independently -Br or -I . 
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23. A compound according to claim 1 , wherein 

R N is independently -Me; and, 
each X is independently -Br or -I. 

24. A compound according to claim 1 , wherein 
R N is independently C^aHcyl; and, 
each X is independently -I. 

A compound according to claim 1, wherein 
R N is independently -Et or -Me; and, 
each X is independently -I . 

26. A compound according to claim 1 , wherein 
R N is independently -Me; and , 
each X is independently -I . 



25. 

10 



27 A compound according to any one of claims 1 to 26, wherein the group 
20 ' -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ) is independently attached at the 4-pos.t,on. 



28. A compound according to claim 1 , wherein 
25 r n is independently Chalky!; 

each X is independently -CI, -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-pos.t.on. 

29. A compound according to claim 1 , wherein 
30 r n is independently -Et or -Me; 

each X is independently -CI, -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-pos.t.on. 
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30. A compound according to claim 1 , wherein 
R N is independently -Me; 
each X is independently -CI, -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

5 

31 . A compound according to claim 1 , wherein 

R N is independently C^alkyl; 

each X is independently -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

10 

32. A compound according to claim 1 , wherein 

R N is independently -Et or -Me; 
each X is independently -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

15 

33. A compound according to claim 1 , wherein 

R N is independently -Me; 

each X is independently -Br or -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

20 

34. A compound according to claim 1 , wherein 
R N is independently Chalky!; 
each X is independently -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

25 

35. A compound according to claim 1 , wherein 
R N is independently -Et or -Me; 
each X is independently -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-position. 

30 
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36. A compound according to claim 1 , wherein 
R N is independently -Me; 
each X is independently -I; and, 

the group -N(CH 2 CH 2 X) 2 is independently attached at the 4-posrt.on. 



37. 

10 

39. 



A compound according to any one of claims 1 to 36, wherein n is 0, 1 , or 2. 
38. Aoompoundacoordingtoanyoneofc,aims1to36.whereinnis0or1. 

A compound according to any one of claims 1 to 36, wherein n is 2. 
40. A compound according to any one of claims 1 to 36, wherein n is ; 1 . 
15 41. A compound according to any one of claims 1 to 36, wherein n is 0. 

* * * 

20 42 Acompoundaccordingtoanyoneofclaims 1 to4 1 ,whereineachR p , 
if present, is independently halo, C M alkyl. "Hro, or cyano. 

43. A compound according to any one of claims 1 to 41, wherein each R p , 
If present, is independently: 

25 .F -CI, -Br, -I, -Me, -Et, -nPr, -iPr, -nBu, -sBu. -IBu, -tBu, -NC,. or -CN. 

44. A compound according to any one of claims 1 to 41 , wherein each Rf. 
if present, is independently -F, -CI, -Br, or -I. 

30 45. Acompoundaccordingtoanyoneofclaims1to41.whereineach^, 
if present, is independently -F, -CI or -Br. 
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46. A compound according to any one of claims 1 to 41, wherein each R p , 
if present, is independently -F or -CI. 

47. A compound according to any one of claims 1 to 41 , wherein each R p , 
5 if present, is independently -F or -Br. 

48. A compound according to any one of claims 1 to 41 , wherein each R p , 
if present, is independently -F. 



10 



49. A compound according to any one of claims 1 to 48, wherein the phenylene 
group has the following formula: 




15 



20 



wherein each of R p2 , R p3 , R P5 . and R P6 is independently -H, halo, C^alkyl, 
nitro, or cyano. 

50. A compound according to claim 49, wherein each of R p2 and R p6 is -H; and 
each of R p3 and R p5 is independently halo, C^alkyl. nitro, or cyano. 

51 . A compound according to claim 49, wherein each of R P2 , R P5 , and R P6 
is -H; and R p3 is independently halo, Chalky!, nitro, or cyano. 
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A compound according to claim 49, wherein each of R p2 , R P3 , R p5 , and R P( 



52. 

is -H 



53. A compound according to any one of claims 1 to 52, wherein m is 0, 1 , or 2. 

54. A compound according to any one of claims 1 to 52, wherein m is 0 or 1 . 
10 55. A compound according to any one of claims 1 to 52, wherein mis 2. 

56. A compound according to any one of claims 1 to 52, wherein m is 1. 

57. A compound according to any one of claims 1 to 52, wherein m is 0. 



15 



58 A compound according to any one of claims 1 to 57, wherein each R , 
if present, is independently selected from: C^alkyl; C^alkoxy; amino; 
20 halo; C^alkylthio; acyl; ester, amido; cyano; nitro; and, Cs^aryl. 

59. A compound according to any one of claims 1 to 57, wherein each R M , 
if present, is independently selected from: 

-Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; 
25 -CF 3 , -CH 2 F, -CH 2 CF 3 , -CH 2 CH 2 F; -CF 2 CF 3 ; 

_OMe, -OEt, -O-nPr, -O-iPr, -O-nBu, -O-sBu, -O-iBu, -O-tBu; 
-ocfL -OCH 2 F, -OCH 2 CF 3 , -OCH 2 CH 2 F; -OCF 2 CF 3 ; 
-NH 2 , -NMe 2 , -NEt 2 , -N(nPr) 2l -N(iPr) 2 , 
-F, -CI, -Br, -I; 
30 -SMe, -SEt; 

-C(=0)Me; 

-C(=0)OMe, -C(=0)OEt; 
-CONH 2 , -CONHMe; 
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-CN; 

-N0 2 ; and, 
-Ph. 

5 60. A compound according to any one of claims 1 to 57, wherein each R M . 
if present, is independently selected from: 
d^alkyl; Ci^alkoxy; and, amino. 

61 . A compound according to any one of claims 1 to 57, wherein each R M , 
1 o if present, is independently selected from: 

-Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu; 

-CF 3 , -CH 2 F, -CH2CF3, -CH2CH2F; -CF2CF3; 

-OMe, -OEt, -O-nPr, -O-iPr, -O-nBu, -O-sBu, -O-iBu, -O-tBu; 

-OCF 3 , -OCH 2 F, -OCH2CF3, -OCH2CH2F; -OCF2CF3; 
15 -NH 2 , -NMe 2 , -NEt 2 , -N(nPr) 2 , and -N(iPr) 2 , 

62. A compound according to any one of claims 1 to 57, wherein each R M , 
if present, is independently selected from: 

-Me, -Et, -CF 3 , -OMe, -OEt, -NH 2 , and -NMe 2 . 



20 

63. 

25 



A compound according to any one of claims 1 to 62, wherein each R G is 
independently -H. 



30 



64. A compound according to any one of claims 1 to 62, wherein each R G is 
independently -H, unsubstituted Ci. 7 alkyl, substituted d. 7 alkyl, or silyl. 

65. A compound according to any one of claims 1 to 62, wherein each R G is 
independently -H, unsubstituted Chalky!, or substituted Ci. 7 alkyl. 
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66. A compound according to any one of claims 1 to 62, wherein each R G is 
independently -H or unsubstituted Ci. 7 alkyl. 



67 A compound according to any one of ciaims 64 to 66, wherein the 

unsubstituted Chalky! group is independently unsubstituted C^alkyl- 

68. A compound according to any one of claims 64 to 66, wherein the 



10 



unsubstituted Cl . 7 alkyl group is independently: -Me, -Et, -nPr, -,Pr, -allyl, 
-nBu, -sBu, -iBu, or-tBu. 



15 69 A compound according to claim 64 or claim 65, wherein the substituted 
C1 7 alkyl group is independently Chalky! substituted with one or more 
groups selected from optionally substituted C^oaryl, d-.alkoxy, 
Ci. 7 alkylthio, and acyloxy. 

20 70 A compound according to claim 64 or claim 65, wherein the substituted 
Chalky! group is independently C^alkyl substituted with one or more 
groups selected from optionally substituted C^oaryl, d- 7 alkoxy, 
d-yalkylthio, and acyloxy. 

A compound according to claim 64 or claim 65, wherein the substituted 
C^alkyl group is independently dalkyl substituted with one or more 
groups selected from optionally substituted C^oaryl, d-yalkoxy, 
Ci- 7 alkyithio, and acyloxy. 

A compound according to claim 64 or claim 65, wherein the substituted 
d- 7 alkyl group is independently d. 7 alkyl substituted with one or more, 
groups selected from optionally substituted C^aryl, d^alkoxy, 
C^alkyrthio, C^alkyl-acyloxy, C^aryl-acyloxy. 



25 71. 



30 72. 
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73. A compound according to claim 64 or claim 65, wherein the substituted 
Ci. 7 aikyl group is independently Chalky! substituted with one or more 
groups selected from optionally substituted C^aryl, C^alkoxy, 

5 C^alkylthio, Ci^alkyl-acyloxy, C^aryl-acyloxy. 

74. A compound according to claim 64 or claim 65, wherein the substituted 
Chalky! group is independently dalkyl substituted with one or more 
groups selected from optionally substituted C^aryl, C^alkoxy, 

i o C^alkylthio, C^alkyl-acyloxy, C^aryl-acyloxy. 

75. A compound according to claim 64 or claim 65, wherein the substituted 
d-yalkyl group is independently Chalky! substituted with one or more 
groups selected from optionally substituted phenyl (e.g., methoxyphenyl, 
1 5 nitrophenyl), methoxy, methylthio, acetoxy, and benzoyloxy. 

76. A compound according to claim 64 or claim 65, wherein the substituted 
Chalky! group is independently C^alkyl substituted with one or more 
groups selected from optionally substituted phenyl (e.g., methoxyphenyl, 

20 nitrophenyl), methoxy, methylthio, acetoxy, and benzoyloxy. 

77. A compound according to claim 64 or claim 65, wherein the substituted 
C,. 7 alkyl group is independently Chalky! substituted with one or more 
groups selected from optionally substituted phenyl (e.g., methoxyphenyl, 

25 nitrophenyl), methoxy, methylthio, acetoxy, and benzoyloxy. 



A compound according to claim 64. wherein the silyl group is independently 
-SiR s 3 , wherein each R s is independently -H or C^alkyl. 

A compound according to claim 64, wherein the silyl group is independently 
-Si(Me) 3 , -Si(Et) 3 , -Si(iPr) 3l -Si(tBu)(CH 3 ) 2 , or -Si(tBu) 3 . 




80. A compound according to claim 64, wherein the silyl group is independently 
-Si(iPr) 3 . 



81 . A compound according to any one of claims 1 to 62, wherein each R G is 
independently (1) t-butyl, (2) allyl, (3) tri-isopropylsilyl, (4) acetoxymethyl, 
(5) methoxymethyl, (6) methylthiomethyl, (7) p-methoxyphenylmethyl, 

10 (8) bis(o-nitrophenyl)methyi, (9) benzyl, or (10) diphenylmethyl. 

82. A compound according to any one of claims 1 to 62, wherein each R G is 
independently (1) t-butyl, (2) allyl, (3) tri-isopropylsilyl, (4) acetoxymethyl, or 
(5) methoxymethyl. 

15 

83. A compound according to any one of claims 1 to 62, wherein each R G is 
independently (1) t-butyl, (2) allyl, or (3) tri-isopropylsilyl. 

84. A compound according to any one of claims 1 to 62, wherein each R G is 
20 independently (1 ) t-butyl or (2) allyl. 

85. A compound according to any one of claims 1 to 62, wherein each R G is 
independently (1) allyl. 



25 
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86. A compound of the following formula (P-1), and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof: 
lyie 



V 



5 87. A compound of the following formula (P-2), and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof: 
Me 



-Br 
-Br 



88. A compound of the following formula (P-3), and pharmaceutically 
acceptable salts, solvates, amides, and esters thereof: 



10 



89. A composition comprising a compound according to any one of claims 1 to 
15 88, and a carrier. 
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90. A composition comprising a compound according to any one of claims 1 to 
88, and a pharmaceutical^/ acceptable carrier. 



91 . A method of (a) regulating proliferation of a cell; (b) inhibiting cell cycle 
progression of a cell; (c) promoting apoptosis of a cell; or (d) a combination 
of one or more of these, in vitro or in vivo, comprising contacting the cell 
with an effective amount of a compound according to any one of claims 1 to 
90. 

92. A method of regulating proliferation of a cell, in vitro or in vivo, comprising 
contacting the cell with an effective amount of a compound according to 
any one of claims 1 to 90. 

93. A method of treatment of a proliferative condition comprising administering 
to a subject in need of treatment a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 

94. A method of treatment of cancer comprising administering to a subject in 
need of treatment a therapeutically-effective amount of a compound 
according to any one of claims 1 to 90. 



25 

95. A compound according to any one of claims 1 to 90, for use in a method of 
treatment of the human or animal body by therapy. 



96. 

30 



A compound according to any one of claims 1 to 90, for use in a method of 
treatment of a proliferative condition of the human or animal body by 
therapy. 
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97. A compound according to any one of claims 1 to 90, for use in a method of 
treatment of cancer of the human or animal body by therapy. 



98. Use of a compound according to any one of claims 1 to 90 for the 
manufacture of a medicament for the treatment of a proliferative condition. 

99. Use of a compound according to any one of claims 1 to 90 for the 
manufacture of a medicament for the treatment of cancer. 



100. A kit comprising: 

(a) a compound according to any one of claims 1 to 90; and 

(b) instructions for use. 



101. A method of (a) regulating proliferation of a cell; (b) inhibiting cell cycle 
progression of a cell; (c) promoting apoptosis of a cell; or (d) a combination 
of one or more of these, in vitro or in vivo, comprising contacting the cell 
with a therapeutically-effective amount of a compound according to any 
one of claims 1 to 90, in the presence of a carboxypeptidase enzyme. 

102. A method of regulating proliferation of a cell, in vitro or in vivo, comprising 
contacting the cell with a therapeutically-effective amount of a compound 
according to any one of claims 1 to 90, in the presence of a 
carboxypeptidase enzyme. 

103. A method of treatment of a proliferative condition comprising administering 
to a subject in need of treatment a therapeutically-effective amount of a 
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compound according to any one of claims 1 to 90, In the presence of a 
carboxypeptidase enzyme. 



0 



1 04. A method of treatment of cancer comprising administering to a subject in 
need of treatment a therapeutically-effective amount of a compound 
according to any one of claims 1 to 90, in the presence of a 
carboxypeptidase enzyme. 



10 

105. A two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme. 

15 

106. A two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme, 

20 for use in a method of treatment of the human or animal body by therapy. 



1 07. Use of a two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme, 

for the manufacture of a medicament for the treatment of a proliferative 
condition. 



30 
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1 08. Use of a two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme, 

for the manufacture of a medicament for the treatment of cancer. 



109. A kit comprising: 

(a) a compound according to any one of claims 1 to 90; 

(b) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme; and, 

(c) instructions for use. 



110. A method of (a) regulating proliferation of a cell; (b) inhibiting cell cycle 

progression of a cell; (c) promoting apoptosis of a cell; or (d) a combination 
of one or more of these, in vitro or in vivo, comprising: 
20 (i) contacting the cell with an antibody or fragment thereof 

conjugated or fused to a carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 

25 111. A method of regulating proliferation of a cell, in vitro or in vivo, comprising: 



(i) contacting the cell with an antibody or fragment thereof 
conjugated or fused to a carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 



15 
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A method of treatment of a proliferative condition, comprising administering 
to a subject in need of treatment: 

(i) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 

A method of treatment of cancer, comprising administering to a subject in 
need of treatment: 

(i) an antibody or fragment thereof conjugated or fused to a 
carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 
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114. A two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) a nucleic acid encoding a carboxypeptidase enzyme. 

115. A two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) a nucleic acid encoding a carboxypeptidase enzyme, 

for use in a method of treatment of the human or animal body by therapy. 



1 1 6. Use of a two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) a nucleic acid encoding a carboxypeptidase enzyme, 

for the manufacture of a medicament for the treatment of a proliferative 
condition. 
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117. Use of a two component system comprising: 

(a) a compound according to any one of claims 1 to 90; and, 

(b) a nucleic acid encoding a carboxypeptidase enzyme, 
for the manufacture of a medicament for the treatment of cancer. 



118. A kit comprising: 



119. A method of (a) regulating proliferation of a cell; (b) inhibiting cell cycle 
progression of a cell; (c) promoting apoptosis of a cell; or (d) a combination 
of one or more of these, in vitro or in vivo, comprising: 

(i) contacting the cell with a nucleic acid encoding a 
carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 

120. A method of regulating proliferation of a cell, in vitro or in vivo, comprising: 

(i) contacting the cell with a nucleic acid encoding a 
carboxypeptidase enzyme; and, 

(ii) contacting the cell with a therapeutically-effective amount of a 
compound according to any one of claims 1 to 90. 

121. A method of treatment of a proliferative condition, comprising administering 
to a subject in need of treatment: 

(i) a nucleic acid encoding a carboxypeptidase enzyme; and, 

(ii) a therapeutically-effective amount of a compound according to 
any one of claims 1 to 90. 



(a) a compound according to any one of claims 1 to 90; 

(b) a nucleic acid encoding a carboxypeptidase enzyme; and, 

(c) instructions for use. 
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122. A method of treatment of cancer, comprising administering to a subject in 
need of treatment: 

(i) a nucleic acid encoding a carboxypeptidase enzyme; and, 

(ii) a therapeutically-effective amount of a compound according to 
any one of claims 1 to 90. 
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absTract of the DISCI Ofil IRF 

ENZYME ACTIVATED SELF-IMMOLATIVE NITROGEN MUSTARD PRODRUGS 

This invention pertains to certain enzyme (CPG2) activated self-immolative 
nitrogen mustard prodrugs, which are useful in enzyme prodrug therapy (EPT), 
such as ADEPT and GDEPT, for the treatment of proliferative conditions, such as 
cancer, and which have the following formula: 




HN 



10 ° O^OR G 

wherein: R N is independently Ci. 7 alkyl; X 1 is independently -I, -Br, or -CI; X 2 is 
independently -I, -Br, or -CI; the group -N(CH 2 CH 2 X 1 )(CH 2 CH 2 X 2 ) is independently 
attached at the 2-position or at the 4-position; each R G is independently -H or an 
ester substituent; n is independently an integer from 0 to 4; each R p , if present, is 

1 5 independently a phenyl substituent; m is independently an integer from 0 to 4; 
each R M , if present, is independently a mustard substituent; and pharmaceutical^ 
acceptable salts, solvates, amides, and esters thereof. The present invention also 
pertains to pharmaceutical compositions comprising such compounds; such 
compounds and compositions for use in methods of treatment of the human or 

20 animal body by therapy; the use of such compounds and compositions for the 
manufacture of medicaments for the treatment of proliferative conditions; and the 
like. 
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